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Inspectors. 

No part of this document may be reproduced in any form, in an electronic retrieval system or 
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Foreword 



The National Board of Boiler and Pressure Vessel Inspectors is an organization comprised of 
Chief Inspectors for the states, cities, and territories of the United States and provinces and 
territories of Canada. It is organized for the purpose of promoting greater safety to life and 
property by securing concerted action and maintaining uniformity in post-construction 
activities of pressure-retaining items, thereby assuring acceptance and interchangeability 
among jurisdictional authorities responsible for the administration and enforcement of various 
codes and standards. 

In keeping with the principles of promoting safety and maintaining uniformity, the National 
Board originally published The NBIC in 1 946, establishing rules for inspection and repairs to 
boilers and pressure vessels. The National Board Inspection Code (NBIC) Committee is charged 
with the responsibility for maintaining and revising the NBIC. In the interest of public safety, 
the NBIC Committee decided, in 1995, to revise the scope of the NBIC to include rules for 
installation, inspection, and repair or alteration to boilers, pressure vessels, piping, and 
nonmetallic materials. 

In 2007, the NBIC was restructured into three Parts specifically identifying important post- 
construction activities involving safety of pressure-retaining items. This restructuring provides for 
future expansion, transparency, and uniformity, ultimately improving public safety. 

The NBIC Committee's function is to establish rules of safety governing post-construction activities 
for the installation, inspection and repair and alteration of pressure-retaining items, and to interpret 
these rules when questions arise regarding their intent. In formulating the rules, the NBIC 
Committee considers the needs and concerns of individuals and organizations involved in the 
safety of pressure-retaining items. The objective of the rules is to afford reasonably certain 
protection of life and property, so as to give a reasonably long, safe period of usefulness. 
Advancements in design and material and the evidence of experience are recognized. 

The rules established by the NBIC Committee are not to be interpreted as approving, 
recommending, or endorsing any proprietary or specific design, or as limiting in any way an 
organization's freedom to choose any method that conforms to the NBIC rules. 

The NBIC Committee meets regularly to consider revisions of existing rules, formulation of new 
rules, and respond to requests for interpretations. Requests for interpretation must be addressed 
to the NBIC Secretary in writing and must give full particulars in order to receive Committee 
consideration and a written reply. Proposed revisions to the Code resulting from inquiries will 
be presented to the NBIC Committee for appropriate action. 

Proposed revisions to the Code approved by the NBIC Committee are submitted to the 
American National Standards Institute and published on the National Board Web site to 
invite comments from all interested persons. After the allotted time for public review and final 
approval, revisions are published annually in Addenda to the NBIC. 

Organizations or users of pressure-retaining items are cautioned against making use of 
revisions that are less restrictive than former requirements without having assurance that they 
have been accepted by the Jurisdiction where the pressure-retaining item is installed. 
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The general philosophy underlying the NBIC is to parallel those provisions of the original code 
of construction, as they can be applied to post-construction activities. 

The NBIC does not contain rules to cover all details of post-construction activities. Where 
complete details are not given, it is intended that individuals or organizations, subject to the 
acceptance of the Inspector and Jurisdiction when applicable, provide details for post- 
construction activities that will be as safe as otherwise provided by the rules in the original 
Code of Construction. 

Activities not conforming to the rules of the original code of construction or the NBIC must 
receive specific approval of the Jurisdiction, who may establish requirements for design, 
construction, inspection, testing, and documentation. 

There are instances where the NBIC serves to warn against pitfalls; but the Code is not a hand- 
book, and cannot substitute for education, experience, and sound engineering judgment. 

It is intended that this Edition of the NBIC and any subsequent Addenda not be retroactive. 
Unless the Jurisdiction imposes the use of an earlier edition, the latest effective edition and 
addenda is the governing document. 
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Introduction 



It is the purpose of the National Board Inspection Code (NBIC) to maintain the integrity of 
pressure-retaining items by providing rules for installation, and after the items have been 
placed into service, by providing rules for inspection and repair and alteration, thereby 
ensuring that these items may continue to be safely used. 

The NBIC is intended to provide rules, information and guidance to manufacturers, 
Jurisdictions, inspectors, owner-users, installers, contractors, and other individuals and 
organizations performing or involved in post-construction activities, thereby encouraging the 
uniform administration of rules pertaining to pressure-retaining items. 

Scope 

The NBIC recognizes three important areas of post-construction activities where information, 
understanding, and following specific requirements will promote public and personal safety. 
These areas include: 

• Installation 
» Inspection 

• Repairs and Alterations 

The NBIC provides rules, information, and guidance for post-construction activities, but does 
not provide details for all conditions involving pressure-retaining items. Where complete de- 
tails are not provided in this Code, the Code user is advised to seek guidance from the Jurisdic- 
tion and from other technical sources. 

The words should, shall, and may are used throughout the NBIC and have the following intent: 

• Shall - action that is mandatory and required. 

• Should - indicates a preferred but not mandatory means to accomplish the requirement 
unless specified by others such as the Jurisdiction. 

» May - permissive, not required or a means to accomplish the specified task. 

Organization 

The NBIC is organized into three Parts to coincide with specific post-construction activities 
involving pressure-retaining items. Each Part provides general and specific rules, information, 
and guidance within each applicable post-construction activity. Other NBIC Parts or other 
published standards may contain additional information or requirements needed to meet the 
rules of the NBIC. Specific references are provided in each Part to direct the user where to find 
this additional information. NBIC Parts are identified as: 

• Part 1 , Installation -This Part provides requirements and guidance to assure all types of 
pressure-retaining items are installed and function properly. Installation includes 
meeting specific safety criteria for construction, materials, design, supports, safety 
devices, operation, testing, and maintenance. 

• Part 2, Inspection -This Part provides information and guidance needed to perform and 
document inspections for all types of pressure-retaining items. This Part includes 
information on personnel safety, non-destructive examination, tests, failure 
mechanisms, types of pressure equipment, fitness for service, risk-based assessments, 
and performance based standards. 



NATIDNAL BOARD INSPECTION CODE 



• Part 3, Repairs and Alterations -This Part provides information and guidance to 
perform, verify, and document acceptable repairs or alterations to pressure-retaining 
items regardless of code of construction. Alternative methods for examination, testing, 
heat treatment, etc. are provided when the original code of construction requirements 
cannot be met. Specific acceptable and proven repair methods are also provided. 

Each NBIC Part is divided into major Sections as outlined in the Table of Contents. 

Tables, charts, and figures provide relevant illustrations or supporting information for text 
passages, and are designated with numbers corresponding to the paragraph they illustrate or 
support within each Section. Multiple tables, charts, or figures referenced by the same 
paragraph will have additional letters reflecting the order of reference. Tables, charts, and 
figures are located in or after each major Section within each NBIC Part. 

Text Identification and Numbering 

Each page in the text will be designated in the top header with the publication's name, part 
number, and part title. The numbering sequence for each section begins with the section 
number followed by a dot to further designate major sections (e.g., 1.1, 1 .2, 1 .3). Major 
sections are further subdivided using dots to designate subsections within that major section 
(e.g. 1 .1 .1, 1 .2.1. 1.3.1). Subsections can further be divided as necessary. 

Paragraphs under sections or subsections shall be designated with small letters in parenthesis 
(e.g., (a), (b), (c)) and further subdivided using numbers in parenthesis (e.g., (1), (2), (3)). 
Subdivisions of paragraphs beyond this point will be designated using a hierarchical sequence 
of letters and numbers followed by a dot. 

Example: 2.1 Major Section 

2.1.1 Section 

2.1.2 Section 

2.1.2. Subsection 

a) paragraph 

b) paragraph 

1 ) subparagraph 

2) subparagraph 

a. subdivisions 

1. subdivisions 

2. subdivisions 

b. subdivisions 

1. subdivisions 

2. subdivisions 

Tables and figures will be designated with the referencing section or subsection identification. 
When more than one table or figure is referenced in the same section or subsection, letters or 
numbers in sequential order will be used following each section or subsection identification. 



Supplements 

Supplements are contained in each Part of the NBIC to designate information only pertaining to 
a specific type of pressure-retaining item (e.g., Locomotive Boilers, Historical Boilers, Graphite 



NATIONAL BOARD INSPECTION CODE 



Pressure Vessels.) Supplements follow the same numbering system used for the main text only 
preceded by the Letter "S." Each page of the supplement will identify the supplement number 
and name in the top heading. 



Addenda 

Addenda, which include revisions and additions to this Code, are published annually. Addenda 
are permissive on the date issued and become mandatory six months after the date of issue. 
The addenda will be sent automatically to purchasers of the Code up to the publication of the 
next edition. Every three years the NBIC is published as a new edition that includes that year's 
addenda. 



Interpretations 

On request, the NBIC Committee will render an interpretation of any requirement of this Code. 
Interpretations are provided for each Part and are specific to the Code edition and addenda 
referenced in the interpretation. Interpretations provide information only and are not part of 
this Code. 



Jurisdictional Precedence 

Reference is made throughout this Code to the requirements of the "Jurisdiction." Where any 
provision herein presents a direct or implied conflict with any jurisdictional regulation, the 
jurisdictional regulation shall govern. 



Units of Measurement 

Both US Customary units and metric units are used in the NBIC. The value stated in US Customary 
units or metric units are to be regarded separately as the standard. Within the text, the metric 
units are shown in parentheses. 

US Customary units or metric units may be used with this edition of the NBIC, but one system 
of units shall be used consistently throughout a repair or alteration of pressure-retaining items. 
It is the responsibility of National Board accredited repair organizations to ensure the 
appropriate units are used consistently throughout all phases of work. This includes materials, 
design, procedures, testing, documentation, and stamping. The NBIC policy for metrication is 
outlined in each part of the NBIC. 



Accreditation Programs 

The National Board administers and accredits three specific repair programs' as shown below: 

"R" Repairs and Alterations to Pressure-Retaining Items 

"VR" Repairs to Pressure Relief Valves 

"NR" Repair and Replacement Activities for Nuclear Items 

Part 3, Repairs and Alterations, of the NBIC describes the administrative requirements for the 
accreditation of these repair organizations. 



1 Caution, some jurisdictions may independently administer a program of authorization for organizations to perform repairs and 
alterations within that jurisdiction. 
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The National Board also administers and accredits four specific inspection agency programs as 
shown below: 

New Construction 

Criteria for Acceptance of Authorized Inspection Agencies for New Construction 
(NB-360) 
Inservice 

Qualifications and Duties for Authorized Inspection Agencies (AlAs) Performing Inservice 
Inspection Activities and Qualifications for Inspectors of Boilers and Pressure Vessels 
(NB-369) 
Owner-User 

Accreditation of Owner-User Inspection Organizations (OUIO) (NB-371 ) Owners or users 
may be accredited for both a repair and inspection program provided the requirements 
for each accreditation program are met. 
Federal Government 

Qualifications and Duties for Federal Inspection Agencies Performing Inservice Inspection 
Activities (FIAs) (NB-390) 



These programs can be viewed on the National Board Web site. For questions or further infor- 
mation regarding these programs contact: 

The National Board of Boiler and Pressure Vessel Inspectors 

1055 Crupper Avenue 

Columbus, OH 43229-1 183 

Phone — 614.888.8320 

Fax — 614.847.1828 

Web Site — www.nationalboard.org 



Certificates of Authorization for Accreditation Programs 

Any organization seeking an accredited program may apply to the National Board to obtain a 

Certificate of Authorization for the requested scope of activities. A confidential review shall be 

conducted to evaluate the organization's quality system. Upon completion of the evaluation, 

a recommendation will be made to the National Board regarding issuance of a Certificate of 

Authorization. 

Certificate of Authorization scope, issuance, and revisions for National Board accreditation 
programs are specified in the applicable National Board procedures. When the quality system 
requirements of the appropriate accreditation program have been met, a Certificate of 
Authorization and appropriate National Board symbol stamp shall be issued. 
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All charts, graphs, tables, and other criteria that have been 
reprinted from the AS ME Boiler and Pressure Vessel Code, 
Sections I, IV, VIII, and X are used with the permission of 
the American Society of Mechanical Engineers. All Rights 
Reserved. 
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PART 1, SECTION 1 
INSTALLATION — GENERAL GUIDELINES 



1.1 



INTRODUCTION 



The proper installation of boilers, pressure ves- 
sels, piping, and other pressure-retaining items 
is essential for safe and satisfactory operation. 
The owner-user is responsible for ensuring 
that installations meet all the requirements 
of the Jurisdiction at the point of installation 
including licensing, registration or certifica- 
tion of those performing installations. This Part 
identifies minimum safety requirements for 
installing pressure-retaining items when this 
Part is mandated by a Jurisdiction. Otherwise, 
the requirements specified in this Part provide 
information and guidance for installers, con- 
tractors, owners, inspectors, and jurisdictions 
to ensure safe and satisfactory installation of 
specified pressure-retaining items. Jurisdictions 
may require other safety standards, including 
following manufacturers recommendations. 
When a Jurisdiction establishes different re- 
quirements or where a conflict exists, the rules 
of the Jurisdiction prevail. Users of this Part are 
cautioned that other requirements may apply 
for a particular installation and this Part is not a 
substitute for sound engineering evaluations. 



1.2 PURPOSE 

a) The purpose of these rules is to establish 
minimum requirements, which, if followed, 
will ensure that pressure-retaining items, 
when installed, may be safely operated, 
inspected, and maintained. 

b) It should be recognized that many of the 
requirements included in these rules must 
be considered in the design of the pres- 
sure-retaining item by the manufacturer. 
However, the owner-user is responsible for 
ensuring that the installation complies with 
all the applicable requirements contained 



herein. Further, the installer is responsible 
for complying with the applicable sections 
when performing work on behalf of the 
owner-user. 



1.3 APPLICATION OF THESE RULES 

a) As referenced in lower case letters, the 
terms "owner," "user," or "owner-user" 
means any person, firm, or corporation 
legally responsible for the safe operation of 
the boiler, pressure vessel, piping, or other 
pressure-retaining item. Further, where the 
term owner is used, it shall mean the owner, 
or user, or the owner's or user's designee. 

b) Where the owner is required to perform an 
activity, it is intended that the owner or the 
owner's designee may perform the activity; 
however, the owner retains responsibility 
for compliance with these rules. 

c) These rules refer to documentation obtained 
from the Jurisdiction (installation permit, 
operating permit). It is not intended to re- 
quire the Jurisdiction to issue such permits 
but rather a caution to owners and installers 
that such permits may be required. 



1.4 CERTIFICATION, INSPECTION, 

AND JURISDICTIONAL 
REQUIREMENTS 



1.4.1 



RESPONSIBILITY 



a) The owner is responsible for satisfying ju- 
risdictional requirements for certification 
and documentation. When required by ju- 
risdictional rules applicable to the location 
of installation, the boilers, pressure vessels, 
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piping, and other pressure-retaining items 1.4.2 
shall not be operated until the required 
documentation has been provided by the a) 
installer to the owner and the Jurisdiction. 

b) The National Board Commissioned Inspec- 
tor providing inservice inspection for the 
facility in which the pressure-retaining item 
is installed has the following responsibili- 
ties: 

1) verify the Boiler Inspection Report (1-1 
Report) has been completed and signed 
by the installer, when required by the b) 
jurisidication; 

2) verify pressure-retaining items comply 
with the laws and regulations of the 
jurisdiction governing the specific type 
of boiler or pressure vessel; 

3) verify any repairs or alterations to 
pressure-retaining items, which are 
conducted prior to, or during, the initial 1 .4.3 
installation, are in accordance with the 
NBIC; a) 

4) request or assign jurisdictional identi- 
fication number, when required by the 
jurisdiction; and 

5) complete and submit the first inservice 
inspection/certificate report to the juris- 
diction when required by the jurisdica- b) 
tion. 

Unless otherwise specifically required by 
the jurisdiction, the duties of the inservice 
inspector do not include the installation's 
compliance to other standards and require- 
ments (environmental, construction, elec- 
trical, undefined industry standards, etc.) 
for which other regulatory agencies have 
authority and responsibility to oversee. 



EQUIPMENT CERTIFICATION 



All boilers, pressure vessels, piping, and 
other pressure-retaining items shall have 
documented certification from the manu- 
facturer indicating that the boiler, pressure 
vessel, piping, or any other pressure-retain- 
ing items complies with the requirements of 
the code of construction. The certification 
shall identify the 'Addenda' for a code of 
construction to which the boiler was fabri- 
cated. 

Package boilers having external piping 
disassembled and shipped with the boiler 
shall have a method for traceability of the 
disassembled piping that can be verified 
at the time of installation and inspection. 
The manufacturer of the package boiler is 
responsible for determining a method of 
traceability. 



JURISDICTIONAL REVIEW 



The owner shall determine jurisdictional 
requirements (i.e., certificates, permits, 
licenses, etc.) before installing the equip- 
ment. The organization responsible for 
installation shall obtain all permits required 
by the Jurisdiction prior to commencing 
installation. 

The owner shall determine jurisdictional 
requirements (i.e., certificates, permits, li- 
censes, etc.) before operating the equipment. 
The owner shall obtain operating certificates, 
permits, etc., required by the Jurisdiction 
prior to commencing operation. 
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1.4.4 INSPECTION 

All boilers, pressure vessels, piping, and other 
pressure-retaining items shall be inspected and 
tested after installation and prior to commenc- 
ing operation. 



1.4.5 BOILER INSTALLATION REPORT 

a) Upon completion, inspection, testing and 
acceptance of the installation, the installer 
shall complete and certify the Boiler Instal- 
lation Report (1-1) for all power boilers, 
hot-water heating boilers, steam heating 
boilers, hot-water supply boilers, and po- 
table water heaters. 

b) The Boiler Installation Report (1-1 ) shall be 
submitted as follows: 

1 ) One copy to the owner; and 

2) One copy to the Jurisdiction, if 
required. 



1 D 
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1 .4.5.1 BOILER INSTALLATION REPORT FORM 



BOILER INSTALLATION REPORT 1-1 

INSTALLATION: CD DNew □ Reinstalled □ Second Hand 



Date 



-/ /- 



(2) INSTALLER 


(T) OWNER-USER 


(4) OBJECT LOCATION 


Name 


Name 


Name 


Street 


Street, PO Box, RR 


Street 


City, State, ZIP 


City, State, ZIP 


City, State, ZIP 



Jurisdiction No. 

© 


NationaIJ3oard No. 

© 


Manufacturer ^.^ 
(J) 


Mfg. Serial No. 
© 


Year_uilt 

© 


BoilerTvpe 

© 


Boiler Use ^^^ 

© 


Fuel 


Method of Firing 

© 


Btu/kw input 

© 


Btu/kw 
output (15) 


Operating PSI 

© 


CodeStamp(s) DA DS Du aHLW 

© Dm De Dh D other 


StamprfMAWP 

(18) 


Heatingjiurface, 
Sq.Ft.Q9) 


Cast kern 

© 


Manhole ^^ 
© 


Specific On-Site Location, i.e., Utility Room _. 

(22) 


Pressure Relief 
Valve Size 

© 

1 


Pressure Relief 
Valve Set Pressure 

© 
1 

3. 

4 


Pressure Relief 
Valve Capacity 
□ BTU/hr/C?\ 
DLb/hr ^ 
1. 
-> 


Manufacturer 

© 

1. 

2. 
3. 

4 


Low Water Fuel Cutoff Mfg. 


Probe Type 
Flow Switch 
Float & Chambe 
Other (Specify) 


No. 


© 


3. 

4. 










4, 








— _____ _— — J 



PRESSURE /ALTITUDE GAGE 

Dial Graduation 

Valve / Cock Size M AWP 

Pipe Connection Size 



28; 



Siphon or Equivalent Device L_Yes EH No 



EXPANSION TANK: (29) 
ASME Constru cted D YesL 

Other — 

MAWP __ ___ 



VENTILATION AND COMBUSTION AIR (30) 



Unobstructed Opening (sq. in.) _ 
Power Ventilator Fan (CFM) 



WATER LEVEL INDICATORS: 

Numer of Gage Glasses 

Number of Remote Indicators _ 
Size of Connection Piping 



31 



FEED WATER SUPPLY: 
Number of Feeding Means _ 

Pipe Size __ _____ — 

Stop Valve Size 

Check Valve Size 



. MAWP _ 
MAWP _ 



STOP VALVES: 
Number of Valves _ 
Valve Size 



33 



EXTERNAL PIPING ASME CODE: 

DYes DNo 

□ Other 



FUEL TRAIN: 

DCSD-1 DNFPA-85 

□ Other 



BOTTOM [SLOWDOWN CONNECTIONS: 

Number of Valves ~_— 

Valve Size MAWP_ 

Piping Run Full Size DYes DNo 



POTABLE WATER HEATER UNIQUE REQUIREMENTS DYes DNo 
Inlet Stop Valve Size MAWP 



Outlet Stop Valve Size _ 

Drain Valve Size 

Thermometer DYes 



_MAWP_ 

" 64) 



Manufacturer's Certification Attached: L_ Yes LJ. No 



Does boiler replace existing one: D Yes □ No 



Clearance from walls and floors: 
Side Bottom 



Top_ 



Additional recommendations and remarks by installer: 




I HEREBY CERTIFY THAT THE INSTALLATION COMPLIES WITH APPENDIX 1 


Installer Name (PRINT) Registration # 


Installer Signature 



This form may be obtained from The National Board of Boiler and Pressure Vessel Inspectors, 1055 Crupper Ave., Columbus, OH 43229 



NB-365 Rev. 1 
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1.4.5.1.1 GUIDE FOR COMPLETING 
NATIONAL BOARD BOILER 
INSTALLATION REPORT 

1. INSTALLATION: Indicate the type and 
date of installation — new, reinstalled, or 
second-hand. 

2. INSTALLER: Enter the Installer name and 
physical address. 

3. OWNER-USER: Enter the name and mailing 
address of the owner-user of the boiler. 

4. OBJECT LOCATION: Enter the name of the 
company or business and physical address 
where the installation was made. 

5. JURISDICTION NO.: Enter the number if 
assigned at the time of installation. 

6. NATIONAL BOARD NO.: Enter the as- 
signed National Board number. 

Note: Cast-iron section boilers do not re- 
quire National Board registration. 

7. MANUFACTURER: Enter the boiler manu- 
facturer's name. 

8. MFG. SERIAL NO.: Enter the assigned boiler 
manufacturer's serial number. 

9. YEAR BUILT: Enter the year the boiler was 
manufactured. 

10. BOILER TYPE: Enter the type of boiler, i.e., 
watertube, firetube, cast iron, electric, 
etc. 

1 1 . BOILER USE: Enter the service the boiler 
will be used for, i.e., heating (steam or 
water), potable water, etc. 

12. FUEL: Enter the type of fuel, i.e., natural 
gas, diesel, wood, etc. If more than one fuel 
type, enter the types the boiler is equipped 
for. 

13. METHOD OF FIRING: Enter the method of 
firing, i.e., automatic, hand, stoker, etc. 



14. BTU/KW INPUT: Enter the Btu/hr or kw 
input of the boiler. 

1 5. BTU/KW OUTPUT: Enter the Btu/hr or kw 
output of the boiler. 

16. OPERATING PSI: Enter the allowed operat- 
ing pressure. 

1 7. ASME CODE STAMP(S): Check the ASME 
Code stamp shown on the code nameplate 
or stamping of other certification mark 
(specify). 

18. STAMPED MAWP: Enter the maximum 
allowable working pressure shown on the 
nameplate or stamping. 

19. HEATING SURFACE SQ. FT: Enter the 
boiler heating surface shown on the stamp- 
ing or nameplate. Note: This entry is not 
required for electric boilers. 

20. CAST IRON: Enter the total number of sec- 
tions for cast-iron boilers. 

2 1 . MANHOLE: Indicate whether the boiler has 
a manway. 

22. SPECIFIC ON-SITE LOCATION: Enter the 
on-site location of the boiler in sufficient 
detail to allow location of that boiler. 

23. PRESSURE RELIEF VALVE SIZE: Enter the 
inlet and outlet size of all installed boiler 
safety or safety relief valves. 

24. PRESSURE RELIEF VALVE SET PRESSURE: 
Enter the set pressure of all installed boiler 
safety or safety relief valves. 

25. PRESSURE RELIEF VALVE CAPACITY: Enter 
the capacity in either lbs. of steam per hour 
or Btu/hr for each installed boiler safety or 
safety relief valve. 

26. MANUFACTURER: Enter the manufacturer 
of each installed boiler safety and safety 
relief valve. 



1 z 



NATIONAL BOARD INSPECTION CODE • PART 1 



INSTALLATION 



27. LOW WATER FUEL CUTOFF: Enter the 
manufacturer's name, type, number and 
maximum allowable working pressure of 
all installed low water fuel cutoff devices. 

28. PRESSURE/ALTITUDE GAGE: Enter the dial 
range of the installed pressure or altitude 
gage, cutout valve or cock size, a maximum 
allowable working pressure, and gage 
pipe connection size. For steam boilers, 
indicate gage siphon or equivalent device 
installed. 

29. EXPANSION TANK: Indicate code of con- 
struction of installed expansion tank, tank 
maximum allowable working pressure, and 
tank capacity in gallons. 

30. VENTILATION AND COMBUSTION AIR: 
Indicate total square inches of unobstructed 
opening or total cubic feet per minute of 
power ventilator fan(s) available for ventila- 
tion and combustion air. 

31. WATER LEVEL INDICATORS: Enter the 
number of gage glasses and/or remote in- 
dicators and connecting pipe size. 



32. FEED WATER SUPPLY: Enter the total num- 
ber of feeding means, connecting pipe size, 
stop and check valve size, and maximum 
allowable working pressure. 

33. STOP VALVE(S): Enter the number of stop 
valves installed, valve size and maximum 
allowable working pressure. 

34. POTABLE WATER HEATER UNIQUE 
REQUIREMENTS: Indicate if stop valves 
installed and if so enter size and maximum 
allowable working pressure. Enter drain 
valve size and indicate installation of ther- 
mometer at or near boiler outlet. 

• Indicate if manufacturer's certificate is 
attached (mandatory for new installa- 
tions). 

• Indicate clearances and whether the in- 
stallation replaced an existing boiler. 

• Enter any remarks or comments you 
deem appropriate. 

• Print installer name and registration 
number and sign completed report. 
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INSTALLATION 



PART 1, SECTION 2 

POWER BOILERS 



2.1 



SCOPE 



This Section provides requirements for the 
installation of power boilers as defined in 2.2, 
Definitions. For installation of items that do not 
fall within the scope of this Section, refer to the 
following Sections as applicable: 

Section 3 — Steam Heating Boilers, Hot-Water 
Heating Boilers, Hot-Water Supply Boilers, and 
Potable Water Heaters 
Section 4 — Pressure Vessels 
Section 5 — Piping 



2.2 



DEFINITIONS 



2.3 GENERAL REQUIREMENTS 



2.3.1 SUPPORTS, FOUNDATIONS, 

AND SETTINGS 

Each boiler and its associated piping must be 
safely supported. Design of supports, founda- 
tions, and settings shall consider vibration (in- 
cluding seismic where necessary), movement 
(including thermal movement), and loadings 
(including the weight of water during a hydro- 
static test) in accordance with jurisdictional re- 
quirements, manufacturer's recommendations, 
and/or other industry standards, as applicable. 



A power boiler is a closed vessel in which 2.3.2 
water or other liquid is heated, steam or vapor 
generated, steam or vapor is superheated, or 
any combination thereof, under pressure for 
use external to itself, by the direct applica- 
tion of energy from the combustion of fuels or 
from electricity or solar energy. The term boi ler 
includes fired units for heating or vaporizing 
liquids other than water but does not include 
fired process heaters and systems. The term 
boiler also shall include the apparatus used 
to generate heat and all controls and safety 
devices associated with such apparatus or the 
closed vessel. 2.3.3 



STRUCTURAL STEEL 



a) If the boiler is supported by structural steel 
work, the steel supporting members shall 
be so located or insulated that the heat from 
the furnace will not affect their strength. 

b) Structural steel shall be installed in accor- 
dance with jurisdictional requirements, 
manufacturer's recommendations, and/or 
other industry standards, as applicable. 



CLEARANCES 



a) Power Boiler — a boiler in which steam or 
other vapor is generated at a pressure in 
excess of 1 5 psig (1 00 kPa) for use external 
to itself. 

b) High-Temperature Water Boiler — a boiler 
in which water is heated and operates at a 
pressure in excess of 160 psig (1.1 MPa) 
and/or temperature in excess of 250°F 
(121°C). 



a) Boiler installations shall allow for normal 
operation, maintenance, and inspections. 
There shall be at least 36 in. (915 mm) 
of clearance on each side of the boiler 
to enable access for maintenance and/or 
inspection activities. Boilers operated in 
battery shall not be installed closer than 48 
in. (1220 mm) from each other. The front 
or rear of any boiler shall not be located 
nearer than 36 in. (91 5 mm) from any wall 
or structure. 
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Note: Alternative clearances in accordance 
with the manufacturer's recommendations 
are subject to acceptance by the Jurisdic- 
tion. 

b) Boilers shall be installed to allow for re- 
moval and installation of tubes. 

c) Boilers with a top-opening manhole, shall 
have at least 84 in. (2135 mm) of unob- 
structed clearance above the manhole to 
the ceiling of the boiler room. 

d) Boilers without top-opening manholes shall 
have at least 36 in. (91 5 mm) of clearance 
from the top of the boiler or as recom- 
mended by the manufacturer. 

e) Boilers with a bottom opening used for 
inspection or maintenance shall have at 
least 12 in. (305 mm) of unobstructed 
clearance. 



2.4 



2.4.1 



BOILER ROOM REQUIREMENTS 



EXIT 



Two means of exit shall be provided for boiler 
rooms exceeding 500 sq. ft. (46.5 sq. m) floor 
area and containing one or more boilers having 
a combined fuel capacity of 1,000,000 Btu/hr 
(293 kW) or more. Each elevation shall be pro- 
vided with at least two means of exit, each to 
be remotely located from the other. A platform 
at the top of a single boiler is not considered 
an elevation. 



2.4.2 



LADDERS AND RUNWAYS 



a) All walkways, runways, and platforms shall 
be: 

1 ) of metal construction; 

2) provided between or over the top of 
boilers that are more than 8 ft. (2.4 
m) above the operating floor to afford 



accessibility for normal operation, 
maintenance, and inspection; 

3) constructed of safety treads, standard 
grating, or similar material and have a 
minimum width of 30 in. (760 mm); 

4) of bolted, welded, or riveted construc- 
tion; 

5) equipped with handrails 42 in. (1070 
mm) high with an intermediate rail and 
4 in. (1 00 mm) toe-board. 

b) Stairways that serve as a means of access 
to walkways, runways, or platforms shall 
not exceed an angle of 45 degrees from the 
horizontal and be equipped with handrails 
42 in. (1070 mm) high with an intermediate 
grid. 

c) Ladders that serve as a means of access to 
walkways, runways, or platforms shall: 

1) be of metal construction and not less 
than 18 in. (460 mm) wide; 

2) have rungs that extend through the 
side members and are permanently 
secured; 

3) have a clearance of not less than 30 
in. (760 mm) from the front of rungs to 
the nearest permanent object on the 
climbing side of the ladder; 

4) have a clearance of not less than 6-1 /2 
in. (1 65 mm) from the back of rungs to 
the nearest permanent object; 

5) have a clearance width of at least 15 in. 
(380 mm) from the center of the ladder 
on either side across the front of the 

ladder. 

d) There shall be at least two permanently 
installed means of exit from walkways, 
runways, or platforms that exceed 6 ft. (1 .8 
m) in length. 
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2.4.3 



DRAINS 



At least one floor drain shall be installed in the 
boiler room. 



2.4.4 



WATER (CLEANING) 



A convenient water supply shall be provided for 
flushing out the boiler and its appurtenances, 
adding water to the boiler while it is not under 
pressure and cleaning the boiler room floor. 



2.5 



2.5.1 



2.5.1.1 



SOURCE REQUIREMENTS 



FEEDWATER 



VOLUME 



The source of feedwater shall be capable of 
supplying a sufficient volume of water as de- 
termined by the boiler manufacturer in order to 
prevent damage to the boiler when all the safety 
relief valves are discharging at full capacity. 



2.5.1.2 



CONNECTION 



a) To prevent thermal shock, feedwater shall 
be introduced into a boiler in such a man- 
ner that the water will not be discharged 
directly against surfaces exposed to gases 
of high temperature or to direct radiation 
from the flame. 

b) For boiler operating pressures of 400 
psig (2.8 MPa) or higher, the feedwater 
inlet through the drum shall be fitted with 
shields, sleeves, or other suitable means to 
reduce the effects of temperature differen- 
tials in the shell or head. 

c) Feedwater other than condensate return 
shall not be introduced through the blow- 
off. 



d) Boilers having more than 500 sq. ft. (46.5 
sq. m) of water heating surface shall have 
at least two means of supplying feedwater. 
For boilers that are fired with solid fuel not 
in suspension, and boilers whose setting 
or heat source can continue to supply suf- 
ficient heat to cause damage to the boiler 
if the feedwater supply is interrupted, one 
such means of supplying feedwater shall 
not be subject to the same interruption as 
the first method. Boilers fired by gaseous, 
liquid, or solid fuel in suspension may be 
equipped with a single means of supplying 
feedwater provided means are furnished for 
the immediate removal of heat input if the 
supply of feedwater is interrupted. 

e) For boilers having a water heating surface 
of not more than 100 sq. ft. (9 sq. m), the 
feedwater piping and connection to the 
boiler shall not be smaller than NPS 1/2 
(DN 15). For boilers having a water heat- 
ing surface more than 1 00 sq. ft. (9 sq. m), 
the feedwater piping and connection to the 
boiler shall not be less than NPS 3/4 (DN 
20). 

f) Electric boiler feedwater connections shall 
not be smaller than NPS 1/2 (DN 15). 

g) High temperature water boilers shall be 
provided with means of adding water to 
the boiler or system while under pressure. 



2.5.1.3 



PUMPS 



Boiler feedwater pumps shall have dis- 
charge pressure in excess of the boiler rated 
pressure (MAWP) in order to compensate 
for frictional losses, entrance losses, regu- 
lating valve losses, and normal static head, 
etc. Each source of feedwater shall be ca- 
pable of supplying feedwater to the boiler at 
a minimum pressure of three percent higher 
than the highest setting of any safety valve 
on the boiler plus the expected pressure 
drop across the boiler. The following table 
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is a guideline for estimating feed pump dif- 
ferential: 



Table 2.5.1.3 

Guide for Feedpump Differential 



Boiler Pressure 


Boiler Feedwater 

Pump Discharge 
Pressure 


psig 


(MPa) 


psig 


(MPa) 


200 


(1.4) 


250 


(1.7) 


400 


(2.8) 


475 


(3.3) 


800 


(5.5) 


925 


(h-4) 


1,200 


(8.3) 


1,350 


(9.3) 



b) For forced-flow steam generators with no 
fixed steam or water line, each source 
of feedwater shall be capable of supply- 
ing feedwater to the boiler at a minimum 
pressure equal to the expected maximum 
sustained pressure at the boiler inlet cor- 
responding to operation at maximum de- 
signed steaming capacity with maximum 
allowable pressure at the superheater 
outlet. 

c) Control devices may be installed on feed- 
water piping to protect the pump against 
overpressure. 



2.5.1.4 



VALVES 



a) The feedwater piping shall be provided with 
a check valve and a stop valve. The stop 
valve shall be located between the check 
valve and the boiler. 

b) When two or more boilers are fed from a 
common source, there shall also be a globe 
or regulating valve on the branch to each 
boiler located between the check valve and 
the feedwater source. 



tions are equipped with stop and check 
valves, the stop and check valve in the 
common source may be omitted. 

d) On single boiler-turbine unit installations, 
the boiler feedwater stop valve may be lo- 
cated upstream from the boiler feedwater 
check valve. 

e) If a boiler is equipped with duplicate 
feedwater supply arrangements, each such 
arrangement shall be equipped as required 
by these rules. 

f) A check valve shall not be a substitute for 
a stop valve. 

g) A combination feedwater stop-and-check 
valve in which there is only one seat and 
disk and a valve stem is provided to close 
the valve when the stem is screwed down 
shall be considered only as a stop valve, a 
separate check valve shall be installed. 

h) Whenever globe valves are used on feed- 
water piping, the inlet shall be under the 
disk of the valve. 

i) Stop valves and check valves shall be 
placed on the inlet of economizers or feed- 
water-heating devices. 

j) The recirculating return line for a high 
temperature water boiler shall be provided 
with the stop valve, or valves, required for 
the main discharge outlet on the boiler. 



2.5.2 



FUEL 



Fuel systems, whether firing coal, oil, gas, or 
other substance, shall be installed in accor- 
dance with jurisdictional and environmental re- 
quirements, manufacturer's recommendations, 
and/or industry standards, as applicable. 



c) When the feedwater piping is divided into 
branch connections and all such connec- 
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2.5.3 



ELECTRICAL 



a) All wiring for controls, heat generating ap- 
paratus, and other appurtenances necessary 
for the operation of the boiler or boilers 
should be installed in accordance with 
the provisions of national or international 
standards and comply with the applicable 
local electrical codes. 

b) A manually operated remote shutdown 
switch or circuit breaker shall be located 
just outside the boiler room door and 
marked for easy identification. Consider- 
ation should also be given to the type and 
location of the switch to safeguard against 
tampering. 

c) If the boiler room door is on the building 
exterior, the shutdown switch shall be lo- 
cated just inside the door. If there is more 
than one door to the boiler room, there 
shall be a shutdown switch located at each 
door of egress. 

1) For atmospheric-gas burners, and oil 
burners where a fan is on a common 
shaft with the oil pump, the complete 
burner and controls should be shut 
off. 

2) For power burners with detached auxil- 
iaries, only the fuel input supply to the 
firebox need be shut off. 

d) Controls and Heat Generating Apparatus 

1) Oil and gas-fired and electrically 
heated boilers shall be equipped with 
suitable primary (flame safeguard) 
safety controls, safety limit switches 
and controls, and burners or electric 
elements as required by a nationally or 
internationally recognized standard. 

2) The symbol of the certifying orga- 
nization that has investigated such 
equipment as having complied with a 
nationally recognized standard shall 



2.5.4 



be affixed to the equipment and shall 
be considered as evidence that the unit 
was manufactured in accordance with 
that standard. 

These devices shall be installed in 
accordance with jurisdictional and 
environmental requirements, manu- 
facturer's recommendations, and/or 
industry standards, as applicable. 



VENTILATION AND 
COMBUSTION AIR 



a) The boiler room shall have an adequate air 
supply to permit clean, safe combustion, 
minimize soot formation, and maintain 
a minimum of 19.5% oxygen in the air 
of the boiler room. The combustion and 
ventilation air should be supplied by either 
an unobstructed air opening or by power 
ventilation or fans. 1 

b) Unobstructed air openings shall be sized 
on the basis of 1 sq. in. (650 sq. mm) free 
area per 2000 Btu/hr (586 W) maximum 
fuel input of the combined burners located 
in the boiler room, or as specified in the 
National Fire Protection Association (NFPA) 
standards for oil and gas burning installa- 
tions for the particular job conditions. The 
boiler room air supply openings shall be 
kept clear at all times. 

c) Power ventilators or fans shall be sized 
on the basis of 0.2 cfm (0.0057 cu meters 
per minute) for each 1000 Btu/hr (293 W) 
of maximum fuel input for the combined 
burners of all boilers located in the boiler 
room. Additional capacity may be required 
for any other fuel burning equipment in the 
boiler room. 



1 Fans - When combustion air is supplied to the boiler by 
an independent duct, with or without the employment of power 
ventilators or fans, the duct shall be sized and installed in ac- 
cordance with the manufacturer's recommendations. However, 
ventilation for the boiler room must still be considered. 
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d) When power ventilators or fans are used 
to supply combustion air they shall be 
installed with interlock devices so that 
the burners will not operate without an 
adequate number of ventilators/fans in 
operation. 

e) The size of openings specified in 2.5.4(b) 
may be reduced when special engineered 
air supply systems approved by the Jurisdic- 
tion are used. 

f) Care should be taken to ensure that steam 
and water lines are not routed across com- 
bustion air openings, where freezing may 
occur in cold climates. 



2.6.2 



ASH REMOVAL 



2.5.5 



LIGHTING 



The boiler room should be well lighted and it 
should have an emergency light source for use 
in case of power failure. 



2.5.6 EMERGENCY VALVES AND 

CONTROLS 



Ash removal systems shall be installed in accor- 
dance with jurisdictional and environmental re- 
quirements, manufacturer's recommendations, 
and/or industry standards, as applicable. 



2.6.3 DRAINS 



2.6.3.1 CONNECTION 

a) Each boiler shall have at least one drain 
pipe fitted with a stop valve at the lowest 
point of the boiler. If the connection is not 
intended for blowoff purposes, a single 
valve is acceptable if it can be locked in 
the closed position or a blank flange can 
be installed downstream of the valve. If 
the connection is intended for blowoff 
purposes, requirements of 2.7.5 shall be 
followed. 

b) For high temperature water boilers, the 
minimum size of the drain pipe shall be 

NPS1 (DN25). 



All emergency shut-off valves and controls shal I 
be accessible from a floor, platform, walkway, 
or runway. Accessibility shall mean within a 6 
ft. (1 .8 m) elevation of the standing space and 
not more than 12 in. (305 mm) horizontally 
from the standing space edge. 



2.6 DISCHARGE REQUIREMENTS 



2.6.1 CHIMNEY OR STACK 

Chimneys or stacks shall be installed in accor- 
dance with jurisdictional and environmental re- 
quirements, manufacturer's recommendations, 
and/or industry standards, as applicable. 



c) Drain pipes, valves, and fittings within the 
same drain line shall be the same size. 

d) The discharge from the drain shall be piped 
to a safe location. 



2.6.3.2 PRESSURE RATING 

a) When the maximum allowable working 
pressure of the boiler is equal to or less than 
100 psig (700 kPa), the drain pipe, valve, 
and fittings shall be rated for at least 100 
psig (700 kPa) and 220°F (104°Q. 

b) When the maximum allowable working 
pressure of the boiler exceeds 1 00 psig (700 
kPa), the drain pipe, valve, and fittings shall 
be rated for at least the maximum allowable 
working pressure and temperature of the 
boiler. 
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2.6.3.3 



PARTS 



a) When parts (economizers, etc.) are installed 
with a stop valve between the part and the 
boiler or the part cannot be completely 
drained through the drain on the boiler, a 
separate drain shall be installed on each 
such part. These drains shall meet the addi- 
tional requirements of 6.3, as applicable. 

b) Each water column shall have a drain pipe 
fitted with a stop valve at the lowest point of 
the water column. The stop valve shall have 
the capability of being locked in the closed 
position while the boiler is under pressure. 
The minimum size of the drain shall be NPS 
3/4 (DN 20) and all other requirements of 
6.3, as applicable. 



2.7 OPERATING SYSTEMS 



2.7.1 



BREECHING AND DAMPERS 



Breeching and dampers shall be installed in 
accordance with jurisdictional and environ- 
mental requirements, manufacturer's recom- 
mendations, and/or industry standards, as 
applicable. 



2.7.2 



BURNERS AND STOKERS 



Burners and stokers shall be installed in accor- 
dance with jurisdictional and environmental re- 
quirements, manufacturer's recommendations, 
and/or industry standards, as applicable. 



2.7.3 



STEAM SUPPLY 



Provisions shall be made for the expansion 
and contraction of steam mains connected 
to boiler(s) so that there shall be no undue 
stress transmitted to the boiler(s). Steam 
reservoirs shall be installed on steam mains 
when heavy pulsations of the steam flow 
causes vibration of the boiler shell plates. 



b) Each discharge outlet of the boiler drum or 
superheater outlet shall be fitted with a stop 
valve located at an accessible point in the 
steam-delivery line and as near the boiler 
nozzle as is convenient and practicable. 
The valve shall be equipped to indicate 
from a distance whether it is closed or open, 
and shall be equipped with a slow-opening 
mechanism. When such outlets are over 
NPS 2 (DN 50), the valve or valves used 
on the connection shall be of the outside 
screw-and-yoke-rising spindle type, so as 
to indicate from a distance by the position 
of its spindle whether it is closed or open, 
and the wheel should be carried either on 
the yoke or attached to the spindle. In the 
case of a single boiler and prime mover 
installation, the stop valve may be omitted 
provided the prime mover throttle valve 
is equipped with an indicator to show 
whether the valve is open or closed and is 
designed to withstand the required hydro- 
static test pressure of the boiler. 

c) Stop valves and fittings shall comply with 
the appropriate national standard except 
that austenitic stainless steel is not permit- 
ted for water wetted service. 

d) Stop valves and fittings shall be rated for 
the maximum allowable working pressure 
of the boiler and shall be at least rated for 
1 00 psig (700 kPa) at the expected steam 
temperature at the valve or fitting, in ac- 
cordance with the appropriate national 
standard. 

e) The nearest stop valve or valves to the su- 
perheater outlet shall have a pressure rating 
at least equal to the minimum set pressure 
of any safety valve on the superheater 
and at the expected superheated steam 
temperature; or at least equal to 85% of 
the lowest set pressure of any safety valve 
on the boiler drum at the expected steam 
temperature of the superheater outlet, 
whichever is greater. 
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f) Ample provision for gravity drain shall be 
provided when a stop valve is so located 
that water or condensation may accumu- 
late. The gravity drain(s) shall be located 
such that the entire steam supply system 
can be drained. 

g) When boilers are connected to a common 
header, the connection from each boiler 
having a manhole opening shall be fitted 
with two stop valves having an ample free- 
blow drain between them. The discharge of 
this drain shall be visible to the operator 
while operating the valve. The stop valves 
shall consist of one stop check valve (set 
next to the boiler) and a second valve of the 
outside screw-and-yoke type; or two valves 
of the outside screw-and-yoke type. 

h) The second steam stop valve shall have 
a pressure rating at least equal to that re- 
quired for the expected steam temperature 
and pressure at the valve, or the pressure 
rating shall be not less than 85% of the low- 
est set pressure of any safety valve on the 
boiler drum and for the expected tempera- 
ture of the steam at the valve, whichever is 
greater. 

i) Pressure-reducing valves may be installed 
in the steam supply piping downstream 
from the required stop valve or valves. 



2.7.4 



CONDENSATE AND RETURN 



Each condensate return pump where practi- 
cable, shall be provided with an automatic 
water level control set to maintain an adequate 
water level in the condensate tank. Condensate 
tanks not constructed in accordance with an 
accepted code or standard shall be vented to 
the atmosphere. 



2.7.5 



BLOWOFF 



boiler shall have a blowoff pipe, fitted with 
a stop valve, in direct connection with the 
lowest water space practicable. When the 
maximum allowable working pressure of 
the boiler exceeds 1 00 psig (700 kPa), there 
shall be two valves installed. 

b) The blowoff piping for each electric boiler 
pressure vessel having a nominal water 
content not exceeding 1 00 gal. (378 I) is re- 
quired to extend through only one valve. 

c) One of the blowoff valves shall be a slow- 
opening valve. When a second valve is 
required, the second valve may be a quick- 
opening or slow-opening valve. 

d) Two independent slow-opening valves or 
a slow-opening valve and quick-opening 
valve should be combined in one body 
and should be used provided the combined 
fitting is the equivalent of two independent 
slow-opening valves or a slow-opening 
valve and a quick-opening valve, and 
provided further that the failure of one to 
operate cannot affect the operation of the 
other. 

e) Straight-run globe valves or valves where 
dams or pockets can exist for the col lection 
of sediment shall not be used. 

f) The blowoff valve or valves and the pipe and 
fittings between them and the boiler shall be 
of the same size. The minimum size of pipe 
and fittings shall be NPS 1 (DN 25), except 
boilers with 1 00 sq. ft (9.3 sq. m) of heating 
surface or less should be NPS 3/4 (DN 20). 
The maximum size of pipe and fittings shall 
not exceed NPS 2-1/2 (DN 65). 

g) For electric boilers, the minimum size of 
blowoff pipes and fittings shall be NPS 1 
(DN 25), except for boilers of 200 kW input 
or less, the minimum size should be NPS 

3/4 (DN 20). 



a) Except for forced-flow steam generators 
with no fixed steam or water line, each 
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h) Fittings and valves shall comply with the 
appropriate national standard except that 
austenitic stainless steel and malleable iron 
are not permitted. 

i) When the maximum allowable working 
pressure exceeds 1 00 psig (700 kPa), blow- 
off piping shall be at least Schedule 80 and 
the required valves and fittings shall be 
rated for at least 1 .25 times the maximum 
allowable working pressure of the boiler. 
When the maximum allowable working 
pressure exceeds 900 psig (6.2 MPa), blow- 
off piping shall be at least Schedule 80 and 
the required valves and fittings shall be 
rated for at least the maximum allowable 
working pressure of the boiler plus 225 psi 
(1.6 MPa). 

j) All blowoff piping, when exposed to fur- 
nace heat, shall be protected by fire brick or 
other heat resisting material so constructed 
that the piping may be readily inspected. 

k) On a boiler having multiple blowoff pipes, 
a single master stop valve should be placed 
on the common blowoff pipe from the 
boiler and one stop valve on each indi- 
vidual blowoff. Either the master valve or 
the valves on the individual blowoff lines 
shall be of the slow-opening type. 

I) The discharge of blowoff pipes shall be lo- 
cated so as to prevent injury to personnel. 

m) All waterwalls or water screens that do 
not drain back into the boiler and integral 
economizers forming part of a boiler shall 
be equipped with blowoff piping and valves 
conforming to the requirements of this 
paragraph. 

n) Blowoff piping from a boiler should not 
discharge directly into a sewer. A blowoff 
tank, constructed to the provisions of a 
code of construction acceptable to the Ju- 
risdiction, shall be used where conditions 
do not provide an adequate and safe open 
discharge. 



o) Galvanized pipe shall not be used. 

p) Boiler blowoff systems shall be constructed 
in accordance with the Guide for Blowoff 
Vesse/s(NB-27). 2 

q) Where necessary to install a blowoff tank 
underground, it shall be enclosed in a con- 
crete or brick pit with a removable cover so 
that inspection of the entire shell and heads 
of the tank can be made. 

r) Piping connections used primarily for con- 
tinuous operation, such as deconcentrators 
on continuous blowdown systems, are not 
classed as blowoffs but the pipe connec- 
tions and all fittings up to and including 
the first shutoff valve shall be equal at least 
to the pressure requirements for the low- 
est set pressure of any safety valve on the 
boiler drum and with the corresponding 
saturated-steam temperature. Further, such 
connections shall not exceed NPS 2-1/2 
(DN 65). 



2.8 CONTROLS AND GAGES 



2.8.1 



WATER 



a) Each automatically fired steam boiler shall 
be equipped with at least two low-water fuel 
cutoffs. The water inlet shall not feed water 
into the boiler through a float chamber. 

b) Each electric steam boiler of the resistance 
element type shall be equipped with an 
automatic low-water cutoff so located as 
to automatically cut off the power supply 
to the heating elements before the surface 
of the water falls below the visible part of 
the glass. No low-water cutoff is required 
for electrode-type boilers. 



2 The Guide tor BlowoffVessels(NB-27) can be found on the 
National Board Web site, www.nationalboard.org, under the E- 
Publications/Directories menu button. 
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c) Designs embodying a float and float bowl 
shall have a vertical straightaway drainpipe 
at the lowest point in the water equalizing 
pipe connections, by which the bowl and 
the equalizing pipe can be flushed and the 
device tested. 

d) The water column shall be directly connect- 
ed to the boiler. Outlet connections (except 
for damper regulator, feedwater regulator, 
low-water fuel cutoff, drains, steam gages, 
or such apparatus that does not permit the 
escape of an appreciable amount of steam 
or water) should not be placed on the pip- 
ing that connects the water column to the 
boiler. 

e) Straight-run globe valves of the ordinary 
type shall not be used on piping that con- 
nects the water column to the boiler. Where 
water columns are 7 ft (2.1 m) or more 
above the floor level, adequate means for 
operating gage cocks or blowing out the 
water glass shall be provided. 

f) When automatic shutoff valves are used 
on piping that connects the water column 
to the boiler, they shall conform to the re- 
quirements of the code of construction for 
the boiler. 

g) When shutoff valves are used on the con- 
nections to a water column, they shall be 
either outside-screw-and-yoke or lever- 
Iifting-type gate valves or stop cocks with 
levers permanently fastened thereto and 
marked in line with their passage, or of such 
other through-flow constructions to prevent 
stoppage by deposits of sediment and to 
indicate by the position of the operating 
mechanism whether they are in open or 
closed position; and such valves or cocks 
shall be locked or sealed open. 

h) Each steam boiler having a fixed waterline 
shall have at least one water-gage glass 
except that boilers operated at pressures 
over 400 psig (2.8 MPa) shall be provided 
with two water-gage glasses that may be 



connected to a single water column or con- 
nected directly to the drum. The gage glass 
connections and pipe connection shall be 
not less than NPS 1/2 (DN 1 5). Each water- 
gage glass shall be equipped with a valved 
drain. 

i) Electric steam boilers shall have at least one 
water-gage glass. On electrode-type electric 
boilers, the gage glass shall be located as 
to indicate the water levels both at startup 
and maximum steam load conditions, as 
established by the boiler manufacturer. 
On resistance element type electric steam 
boilers, the lowest visible part of the gage 
glass shall be located at least 1 in. (25 mm) 
above the lowest permissible water level 
established by the boiler manufacturer. 

j) The lowest visible part of the water-gage 
glass shall be at least 2 in. (50 mm) above 
the lowest permissible water level estab- 
lished by the boiler manufacturer. 

k) For all installations where the water-gage 
glass or glasses are not easily viewed by the 
operator, consideration should be given to 
install a method of remote transmission of 
the water level to the operating floor. 

I) Boilers of the horizontal firetube type shall 
be so set that when the water is at the lowest 
reading in the water gage glass there shall 
be at least 3 in. (75 mm) of water over the 
highest point of the tubes, flues, or crown 
sheet. 

m) Each water-gage glass shall be equipped 
with a top and a bottom shutoff valve of 
such through-flow construction as to pre- 
vent blockage by deposits of sediment and 
to indicate by the position of the operating 
mechanism whether they are in the open 
or closed position. The pressure-tempera- 
ture rating shall be at least equal to that of 
the lowest set pressure of any safety valve 
on the boiler drum and the corresponding 
saturated steam temperature. 
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2.8.2 



PRESSURE GAGE 



a) Each steam boiler shall have a pressure 
gage connected to the steam space or to 
the steam connection to the water column. 
When a pressure-reducing valve is installed 
in the steam supply piping, a pressure gage 
shall be installed on the low pressure side 
of the pressure-reducing valve. 

b) The dial range shall not be less than 1.5 
times or no greater than two times the pres- 
sure at which the lowest safety relief valve 
is set. 



2.8.2.1 



CONNECTION 



b) 



For a steam boiler the gage or connection 
shall contain a syphon or equivalent device 
that will develop and maintain a water seal 
that will prevent steam from entering the 
gage tube. A valve or cock shall be placed 
in the gage connection adjacent to the 
gage. An additional valve or cock should be 
located near the boiler providing it is locked 
or sealed in the open position. No other 
shut-off valves shall be located between 
the gage and the boiler. 

Pressure gage connections shall be suitable 
for the maximum allowable working pres- 
sure and temperature, but if the temperature 
exceeds 406°F (208°C) brass or copper pipe 
or tubing shall not be used. The connec- 
tions to the boiler, except for the syphon, if 
used, shall not be less than NPS 1/4 (DN 8). 
Where steel or wrought iron pipe or tubing 
is used, it shall not be less than 1/2 in. (13 
mm) inside diameter. The minimum size of 
a syphon, if used, shall be 1/4 in. (6 mm) 
inside diameter. 



2.9 PRESSURE RELIEF VALVES 



2.9.1 VALVE REQUIREMENTS — 

GENERAL 

a) Safety valves are designed to relieve 
steam. 

b) Safety relief valves are valves designed to 
relieve either steam or water, depending on 
the application. 

c) Safety and safety relief valves are to be 
manufactured in accordance with a na- 
tional or international standard. 

d) Deadweight or weighted-lever pressure- 
relieving valves shall not be used. 

e) For high temperature water boilers, safety 
relief valves shall have a closed bonnet, 
and safety relief valve bodies shall not be 
constructed of cast iron. 

f) Safety and safety relief valves with an inlet 
connection greater than NPS 3 (DN 80) 
used for pressure greater than 1 5 psig (1 03 
kPa), shall have a flange inlet connection 
or a welding-end inlet connection. The 
dimensions of flanges subjected to boiler 
pressure shall conform to the applicable 
standards. 

g) When a safety or safety relief valve is ex- 
posed to outdoor elements that may affect 
operation of the valve, it is permissible to 
shield the valve with a cover. The cover 
shall be properly vented and arranged to 
permit servicing and normal operation of 
the valve. 



2.8.3 



TEMPERATURE 



Each high temperature water boiler shall have 
a temperature gage or other reporting device 
located to provide an accurate representation of 
the temperature at or near the boiler outlet. 



2.9.1.1 



NUMBER 



At least one National Board capacity certified 
safety or safety relief valve shall be installed on 
the boiler. If the boiler has more than 500 sq.ft. 
(46 sq. m.) of heating surface, or if an electric 
boiler has a power input of more than 3.76 mil- 
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lion BTU/hr (1 1 00 kW), two or more National 
Board capacity certified safety or safety relief 
valves shall be installed. 



2.9.1.2 



LOCATION 



a) Safety or safety relief valves shall be placed 
on, or as close as physically possible, to the 
boiler proper. 

b) Safety or safety relief valves shall not be 
placed on the feedline. 

c) Safety or safety relief valves shall be con- 
nected to the boiler independent of any 
other connection without any unnecessary 
intervening pipe or fittings. Such interven- 
ing pipe or fittings shall not be longer than 
the face-to-face dimension of the corre- 
sponding tee fitting of the same diameter 
and pressure rating as listed in the appli- 
cable standards. 



2.9.1.3 



CAPACITY 



a) The pressure-relieving valve capacity for 
each boiler shall be such that the valve or 
valves will discharge all the steam that can 
be generated by the boiler without allowing 
the pressure to rise more than 6% above 
the highest pressure at which any valve is 
set and in no case to more than 6% above 
the maximum allowable working pressure 
of the boiler. 

b) The minimum relieving capacity for other 
than electric boilers and forced-flow steam 
generators with no fixed steam line and 
waterline, shall be estimated for the boiler 
and waterwall heating surfaces as given in 
Table 2.9.1.3, but in no case should the 
minimum relieving capacity be less than 
the maximum designed steaming capacity 
as determined by the manufacturer. 

c) The required relieving capacity in pounds 
per hour of the safety or safety relief valves 
on a high temperature water boiler shall 



be determined by dividing the maximum 
output in Btu at the boiler nozzle obtained 
by the firing of any fuel for which the unit 
is designed by one thousand. 

d) The minimum safety or safety relief valve 
relieving capacity for electric boilers is 3.5 
Ibs/hr/kW (1 .6 kg/hr/kW) input. 

e) If the safety or safety relief valve capacity 
cannot be computed, or if it is desirable 
to prove the computations, it should be 
checked by any one of the following meth- 
ods; and if found insufficient, additional 
relieving capacity shall be provided: 

1) By performing an accumulation test, 
that is, by shutting off all other steam 
discharge outlets from the boiler and 
forcing the fires to the maximum. This 
method should not be used on a boiler 
with a superheater or reheater or on a 
high temperature water boiler. 

2) By measuring the maximum amount of 
fuel that can be burned and computing 
the corresponding evaporative capacity 
upon the basis of the heating value of 
the fuel. 

3) By determining the maximum evapo- 
rative capacity by measuring the feed- 
water. The sum of the safety valve ca- 
pacities marked on the valves shall be 
equal to or greater than the maximum 
evaporative capacity of the boiler. This 
method should not be used on high 
temperature water boilers. 
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Table 2.9.1.3 - Minimum Pounds of Steam per Hour per Square Foot of 

Heating Surface 1 lb steam/hr/sq.ft (kg/hr/sq m) 



Firetube Boilers 



Watertube Boilers 



Boiler heating surface 



hand-fired 



stoker-fired 



oil, gas, or pulverized fuel-fired 



5(24) 



7(34) 



8(39) 



6(29) 



8(39) 



10(49) 



Waterwall heating surface 



hand-fired 



stoker-fired 



oil, gas, or pulverized fuel-fired 



8(39) 



10(49) 



14(68) 



8(39) 



12 (59) 



16(78) 



Copper-finned watertubes 



hand-fired 



stoker-fired 



oil, gas, or pulverized fuel-fired 



4(20) 



5(24) 



5(24) 



4(20) 



5(24) 



(29) 



NOTES: 

• When a boiler is fired only by a gas having a heat value not in excess of 200 Btu/cu. ft.(7.5MJ/cu. m), the mini- 
mum relieving capacity should be based on the values given for hand-fired boilers above. 

• The heating surface shall be computed for that side of the boiler surface exposed to the products of combustion, 
exclusive of the superheating surface. In computing the heating surface for this purpose only the tubes, fireboxes, 
shells, tubesheets, and the projected area of headers need to be considered, except that for vertical firetube steam 
boilers, only that portion of the tube surface up to the middle gage cock is to be computed. 



2.9.1.4 



SET PRESSURE 



One or more safety or safety relief valves on 
the boiler proper shall be set at or below the 
maximum allowable working pressure. If ad- 
ditional valves are used, the highest pressure 
setting shall not exceed the maximum allow- 
able working pressure by more than 3%. The 
complete range of pressure settings of all the 
safety relief valves on a boiler shall not exceed 
10% of the highest pressure to which any valve 
is set. Pressure setting of safety relief valves on 
high temperature water boilers may exceed 
this 10% range. 



2.9.2 FORCED-FLOW STEAM 

GENERATOR 

For a forced-flow steam generator with no 
fixed steamline and waterline, equipped with 
automatic controls and protective interlocks re- 
sponsive to steam pressure, safety valves should 
be installed in accordance with the following, 
as an alternative: 

a) One or more power-actuated pressure-re- 
lieving valves shall be provided in direct 
communication with the boiler when the 
boiler is under pressure and shall receive 
a control impulse to open when the maxi- 
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mum allowable working pressure at the 
superheater outlet is exceeded. The total 
combined relieving capacity of the power- 
actuated pressure-relieving valves shall be 
not less than 1 0% of the maximum design 
steaming capacity of the boiler under any 
operating condition as determined by the 
manufacturer. The valves shall be located 
in the pressure part system where they will 
relieve the overpressure. An isolating stop 
valve of the outside-screw-and-yoke type 
should be installed between the power- 
actuating pressure-relieving valve and 
the boiler to permit repairs provided an 
alternate power-actuated pressure-relieving 
valve of the same capacity is so installed 
as to be in direct communication with the 
boiler. 



impulse to open when the maximum 
allowable working pressure of the 
component, having the lowest pres- 
sure level upstream to the stop valve, 
is exceeded. 

2) The spring-loaded safety valve shall 
be located to provide overpressure 
protection for the component having 
the lowest working pressure. 

3) A reliable pressure-recording device 
shall always be in service and records 
kept to provide evidence of conformity 
to the above requirements. 



2.9.3 



SUPERHEATERS 



b) Spring-loaded safety valves shall be pro- 
vided having a total combined relieving 
capacity, including that of the power-actu- 
ated pressure-relieving valve, of not less 
than one hundred percent of the maximum 
designed steaming capacity of the boiler, 
as determined by the manufacturer. In this 
total, credit in excess of 30% of the total re- 
lieving capacity shall not be allowed for the 
power-actuated pressure-relieving valves 
actually installed. Any or all of the spring- 
loaded safety valves may be set above the 
maximum allowable working pressure of 
the parts to which they are connected, but 
the set pressures shall be such that when 
all these valves (together with the power- 
actuated pressure-relieving valves) are in 
operation the pressure will not rise more 
than 20% above the maximum allowable 
working pressure of any part of the boiler, 
except for the steam piping between the 
boiler and the prime mover. 

c) When stop valves are installed in the water- 
steam flow path between any two sections 
of a forced-flow steam generator with no 
fixed steamline and waterline: 

1) The power-actuated pressure-reliev- 
ing valve shall also receive a control 



a) Every attached superheater shall have one 
or more safety valves. The location shall 
be suitable for the service intended and 
shall provide the overpressure protection 
required. The pressure drop upstream of 
each safety valve shall be considered in 
determining the set pressure and relieving 
capacity of that valve. If the superheater 
outlet header has a full, free steam passage 
from end to end and is so constructed that 
steam is supplied to it at practically equal 
intervals throughout its length so that there 
is a uniform flow of steam through the su- 
perheater tubes and the header, the safety 
valve or valves may be located anywhere 
in the length of header. 

b) The pressure-relieving capacity of the safety 
valve or valves on an attached superheater 
shall be included in determining the num- 
ber and size of the safety valves for the 
boiler provided there are no intervening 
valves between the superheater safety valve 
and the boiler and the discharge capacity 
of the safety relief valve or valves, on the 
boiler, as distinct from the superheater, 
is at least 75% of the aggregate capacity 
required. 
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c) Every independently fired superheater that 
may be shut off from the boiler and permit 
the superheater to become a fired pressure 
vessel shall have one or more safety valves 
having a discharge capacity equal to six 
pounds of steam per hr/sq. ft. (29 kg per hr 
per sq. m) of superheater surface measured 
on the side exposed to the hot gases. 

d) Every safety valve used on a superheater 
discharging superheated steam at a tem- 
perature over 450°F (230°C) shall have a 
casing, including the base, body, bonnet, 
and spindle constructed of steel, steel alloy, 
or equivalent heat-resistant material. The 
valve shall have a flanged inlet connection 
or a welding-end inlet connection. The seat 
and disk shall be constructed of suitable 
heat-erosive and corrosive-resistant mate- 
rial, and the spring fully exposed outside of 
the valve casing so that it is protected from 
contact with the escaping steam. 



pressure side does not meet the require- 
ments for the steam supply piping. 

b) The safety or safety relief valves shall be 
located as close as possible to the pressure- 
reducing valve. 

c) Capacity of the safety or safety relief valves 
shall not be less than the total amount of 
steam that can pass from the high pres- 
sure side to the low pressure side and be 
such that the pressure rating of the lower 
pressure piping or equipment shall not be 
exceeded. 

d) The use of hand-controlled bypasses around 
reducing valves is permissible. The bypass 
around a reducing valve may not be greater 
in capacity than the reducing valve unless 
the piping or equipment is adequately 
protected by safety or safety relief valves or 
meets the requirements of the high pressure 
system. 



2.9.4 



ECONOMIZERS 



An economizer that may not be isolated from 
a boiler does not require a safety relief valve. 
Economizers that may be isolated from a boiler 
or other heat transfer device, allowing the 
economizer to become a fired pressure vessel, 
shall have a minimum of one safety relief valve. 
Discharge capacity, rated in Ibs/hr (kg/hr), of the 
safety relief valve or valves shall be calculated 
from the maximum expected heat absorption 
rate in Btu/hr (Joules/hr) of the economizer, and 
will be determined from manufacturer data, 
divided by 1000. The safety relief valve shall 
be located as close as possible to the econo- 
mizer outlet. 



2.9.5 



PRESSURE-REDUCING VALVES 



a) Where pressure-reducing valves are used, 
one or more safety or safety relief valves 
shall be installed on the low pressure side 
of the reducing valve in those installations 
where the piping or equipment on the low 



2.9.5.1 MOUNTING AND DISCHARGE 
REQUIREMENTS 

a) Every boiler shall have outlet connections 
for the safety or safety relief valve, or valves, 
independent of any other outside steam 
connection, the area of opening shall be at 
least equal to the aggregate areas of inlet 
connections of all of the attached safety 
or safety relief valves. An internal collect- 
ing pipe, splash plate, or pan should be 
used, provided the total area for inlet of 
steam thereto is not less than twice the 
aggregate areas of the inlet connections of 
the attached safety or safety relief valves. 
The holes in such collecting pipes shall 
be at least 1/4 in. (6 mm) in diameter, and 
the least dimension in any other form of 
opening for inlet of steam shall be 1/4 in. 
(6 mm). If safety or safety relief valves are 
attached to a separate steam drum or dome, 
the opening between the boiler proper and 
the steam drum or dome shall be not less 
than ten times the total area of the safety 
valve inlet. 
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b) Every safety or safety relief valve shall be 
connected so as to stand in an upright posi- 
tion with spindle vertical. 

c) The opening or connection between the 
boiler and the safety or safety relief valve 
shall have at least the area of the valve 
inlet. No valve of any description should 
be placed between the safety or safety 
relief valves and the boiler, nor on the dis- 
charge pipe between the safety or safety 
relief valves and the atmosphere. When a 
discharge pipe is used, the cross-sectional 
area shall not be less than the full area of 
the valve outlet or of the total of the areas 
of the valve outlets, discharging thereinto 
and shall be as short and straight as pos- 
sible and arranged to avoid undue stresses 
on the valve or valves. 

d) When two or more safety valves are used 
on a boiler, they should be mounted either 
separately or as twin valves made by plac- 
ing individual valves on Y-bases, or duplex 
valves having two valves in the same body 
casing. Twin valves made by placing indi- 
vidual valves on Y-bases or duplex valves 
having two valves in the same body shall 
be of equal size. 

e) When two valves of different sizes are 
mounted singly, the relieving capacity of 
the smaller valve shall not be less than 50% 
of that of the larger valve. 

f) When a boiler is fitted with two or more 
safety relief valves on one connection, this 
connection to the boiler shall have a cross- 
sectional area not less than the combined 
areas of inlet connections of all the safety 
relief valves with which it connects. 

g) All safety or safety relief valves shall be 
piped to a safe point of discharge so located 
or piped as to be carried clear from running 
boards or platforms. Ample provision for 
gravity drain shall be made in the discharge 
pipe at or near each safety or safety relief 
valve, and where water or condensation 



may collect. Each valve shall have an open 
gravity drain through the casing below the 
level of the valve seat. For iron- and steel- 
bodied valves exceeding NPS 2 (DN 50), 
the drain hole shall be tapped not less than 
NPS 3/8 (DN 10). 

h) Discharge piping from safety relief valves 
on high temperature water boilers shall 
have adequate provisions for water drain- 
age as well as steam venting. 

i) If a muffler is used on a safety or safety relief 
valve, it shall have sufficient outlet area 
to prevent back pressure from interfering 
with the proper operation and discharge 
capacity of the valve. The muffler plates or 
other devices shall be so constructed as to 
avoid a possibility of restriction of the steam 
passages due to deposits. Mufflers shall not 
be used on high temperature water boiler 
safety relief valves. 



2.10 TESTING AND ACCEPTANCE 



2.10.1 GENERAL 

a) Care shall be exercised during installation 
to prevent loose weld material, welding 
rods, small tools, and miscellaneous scrap 
metal from getting into the boiler. Where 
possible, an inspection of the interior of the 
boiler and its appurtenances shall be made 
for the presence of foreign debris prior to 
making the final closure. 

b) Safe operation should be verified by a per- 
son familiar with boiler system operations 
for all boilers and connected appurtenances 
and all pressure piping connecting them to 
the appurtenances and all piping up to and 
including the first stop valve, or the second 
stop valve when two are required. 

c) The wall thickness of all pipe connections 
shall comply with the requirements of the 
code of construction for the boiler. 
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d) All threaded pipe connections shall engage 
at least five full threads of the pipe or fit- 
ting. 

e) In bolted connections, the bolts, studs, and 
nuts shall be marked as required by the 
original Code of Construction and be fully 
engaged (e.g., the end of the bolt or stud 
shall protrude through the nut). 

f) Washers shall only be used when speci- 
fied by the manufacturer of the part being 
installed. 



2.10.2 



PRESSURE TEST 



Prior to initial operation, the completed boiler, 
including pressure piping, water columns, 
superheaters, economizers, stop valves, etc., 
shall be pressure tested in accordance with 
the original code of construction. Any pres- 
sure piping and fittings such as water columns, 
b I owoff valves, feedwater regulators, superheat- 
ers, economizers, stop valves, etc., which are 
shipped connected to the boiler as a unit, shall 
be hydrostatically tested with the boiler and 
witnessed by an Inspector. 



construction. This operational test may be used 
as the final acceptance of the unit. 



2.10.5 



FINAL ACCEPTANCE 



A boiler may not be placed into service until its 
installation has been inspected and accepted by 
the appropriate jurisdictional authorities. 



2.10.6 BOILER INSTALLATION REPORT 

a) Upon completion, inspection, and accep- 
tance of the installation, the installer shall 
complete and certify the Boiler Installation 
Report 1-1. See 1.4.5.1. 

b) The Boiler Installation Report 1-1 shall be 
submitted as follows: 

1 ) one copy to the Owner; and 

2) one copy to the Jurisdiction, if re- 
quired. 



2.10.3 NONDESTRUCTIVE 

EXAMINATION 

Boiler components and subcomponents shall 
be nondestructively examined as required by 
the governing Code of Construction. 



2.10.4 SYSTEM TESTING 

Prior to final acceptance, an operational test 
shall be performed on the complete installation. 
The test data shall be recorded and the data 
made available to the jurisdictional authori- 
ties as evidence that the installation complies 
with the provisions of the governing code(s) of 
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PART 1, SECTION 3 

INSTALLATION — STEAM HEATING BOILERS, 

HOT-WATER HEATING BOILERS, HOT-WATER SUPPLY BOILERS, 

AND POTABLE WATER HEATERS 



3.1 



SCOPE 



The scope of this Section shall apply to those 
steam heating boilers, hot-water heating boil- 
ers, hot-water supply boilers, and potable water 
heaters as defined in 3.2, Definitions. For instal- 
lation of items that do not fall within the scope 
of this section, refer to the following sections 
as applicable: 



Section 2 
Section 4 
Section 5 



Power Boilers 
Pressure Vessels 
Piping 



b) Water heaters are exempted from Section 
3 of this Part when none of the following 
limitations are exceeded: 

1 ) Heat input of 200,000 Btu/hr (59 kW) 

2) Water temperature of 2 1 0°F (99°C) 

3) Nominal water containing capacity of 
120 gal. (454 I), except that they shall 
be equipped with safety devices in 
accordance with the requirements of 

3.9.4. 



3.2 



DEFINITIONS 



3.3 



GENERAL REQUIREMENTS 



3.2.1 



STEAM HEATING BOILERS 



Steam heating boilers are steam boilers in- 
stalled to operate at pressures not exceeding 

15 psig(100kPa). 



3.2.2 HOT-WATER HEATING AND 

HOT-WATER SUPPLY BOILERS 



3.3.1 



SUPPORTS 



Each heating boiler shall be supported by ma- 
sonry and/or structural supports of sufficient 
strength and rigidity to safely support the heat- 
ing boiler and its contents without vibration in 
the heating boiler or its connecting piping and 
to allow for expansion and contraction. 



Hot-water heating and hot-water supply boilers 
are hot water boilers installed to operate at pres- 
sures not exceeding 1 60 psig (1 1 00 kPa) and/or 
temperatures not exceeding 250°F (121°C), at 
or near the boiler outlet. 



3.2.3 



POTABLE WATER HEATERS 



Potable water heaters are corrosion resis- 
tant water heaters supplying potable hot 
water at pressures not exceeding 1 60 psig 
(1 1 00 kPa) and temperatures not in excess 
of210°F(99°C). 



3.3.1 .1 METHODS OF SUPPORT FOR 

STEAM HEATING, HOT-WATER 
HEATING, AND HOT- WATER 

SUPPLY BOILERS 

a) Loadings 

1) The design and attachment of lugs, 
hangers, saddles, and other supports 
shall take into account the stresses due 
to hydrostatic head of fully flooded 
equipment in determining the mini- 
mum thicknesses required. Additional 
stresses imposed by effects other than 
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working pressure or static head that 
increase the average stress by more 
than 10% of the allowable working 
stress shall also be taken into account. 
These effects include the weight of the 
component and its contents, and the 
method of support. 

2) In applying the requirements of (1) 
above, provision shall be made for 
localized stresses due to concentrated 
support loads, temperature changes, 
and restraint against movement of the 
boiler due to pressure. Lugs, hang- 
ers, brackets, saddles, and pads shall 
conform satisfactorily to the shape of 
the shell or surface to which they are 
attached or are in contact. 

b) Horizontal Return Firetube Boilers 

1) Boilers over 72 in. (1800 mm) in 
diameter 

A horizontal-return tubular boiler over 
72 in. (1800 mm) in diameter shall be 
supported from steel hangers by the 
outside-suspension type of setting, 
independent of the furnace wall. The 
hangers shall be so designed that the 
load is properly distributed. 

2) Boilers 1 4 ft. (4.3 m) or over in length, 
or over 54 in. (1370 mm) up to 72 in. 
(1800 mm) in diameter 

A horizontal-return tubular boiler over 
54 in. (1 370 mm) and up to and includ- 
ing 72 in. (1 800 mm) in diameter shall 
be supported by the outside-suspension 
type of setting, or at four points by not 
less than eight steel brackets set in pairs, 
the brackets of each pair to be spaced 
not over 2 in. (50 mm) apart and the 
load to be equalized between them. 
See Figure 3.3.1 .1-a. 

3) Boilers up to 54 in. (1370 mm) in 
diameter 

A horizontal-return boiler up to and 
including 54 in. (1 370 mm) in diameter 



shall be supported by the outside-sus- 
pension type of setting, or by not less 
than two steel brackets on each side. 

c) Supporting Members 

If the boiler is supported by structural steel 
work, the steel supporting members shall 
be so located or insulated that the heat from 
the furnace will not impair their strength. 

d) Lugs or Hangers 

Lugs, hangers, or brackets made of materials 
in accordance with the requirements of the 
code of construction may be attached by 
fusion welding provided they are attached 
by fillet welds along the entire periphery or 
contact edges. Figure 3.3.1 .1 -b illustrates 
an acceptable design of hanger bracket 
with the additional requirement that the 
center pin be located at the vertical center 
line over the center of the welded contact 
surface. The bracket plates shall be spaced 
at least 2-1/2 in. (64 mm) apart, but this 
dimension shall be increased if necessary 
to permit access for the welding operation. 
The stresses computed by dividing the total 
load on each lug, hanger, or bracket, by 
the minimum cross-sectional area of the 
weld shall not exceed 2800 psig (19 MPa). 
Where it is impractical to attach lugs, hang- 
ers, or brackets by welding, studs with not 
less than 10 threads/in. (approximately 4 
threads/cm) may be used. In computing 
the shearing stresses, the root area at the 
bottom of the thread shall be used. The 
shearing and crushing stresses on studs 
shall not exceed that permitted by the code 
of construction. 



3.3.2 



SETTINGS 



Steam heating, hot-water heating, and hot-wa- 
ter supply boilers of wrought materials of the 
wet-bottom type having an external width of 
over 36 in. (91 4 mm) shall be supported so as to 
have a minimum clearance of 12 in. (305 mm) 
between the bottom of the boiler and the floor 
to facilitate inspection. When the width is 36 
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FIGURE 3.3.1.1-a " " ~ ~"~ 

Spacing and weld details for supporting lugs in pairs on horizontal-return tubular boiler 



7 in. (175 mm} = no! less than 
1% of the boiler 
diameter 1 



'"' a tju 



2 in. (50 mm) 



L T . 




0.7 T 




FIGURE 3.3.1. 1-b 

Welded bracket connection for horizontal-return tubular boiler 



2-1/2 in. (64 mm) min. 




Section B - B 1 



R = not less than 

1-1/2 x diameter 1 of hole 

? = not less than 
1% of the boiler 
diameter 




in. (914 mm) or less, the clearance between the 
bottom of the boiler and the floor line shall' be 
not less than 6 in. (1 50 mm), except when any 
part of the wet bottom is not farther from the 
outer edge than 1 2 in. (305 mm), this clearance 
shall be not less than 4 in. (100 mm). Boiler 
insulation, saddles, or other supports shall be 
arranged so that inspection openings are read- 
ily accessible. 



3.3.3 



STRUCTURAL STEEL 



a) If the boiler is supported by structural steel 
work, the steel supporting members shall 
be so located or insulated that the heat from 
the furnace will not affect their strength. 

b) Structural steel shall be installed in accor- 
dance with jurisdictional requirements, 
manufacturer's recommendations, and/or 
industry standards as appropriate. 
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3.3.4 



CLEARANCES 



3.4.2 



LADDERS AND RUNWAYS 



a) Heating boilers shall have a minimum 
distance of at least 36 in. (914 mm) be- 
tween the top of the heating boiler and 
any overhead structure and at least 36 in. 
(914 mm) between all sides of the heating 
boiler and adjacent walls, structures, or 
other equipment. Heating boilers having 
manholes shall have at least 84 in. (2135 
mm) of clearance between the manhole 
opening and any wall, ceiling, piping, 
or other equipment that may prevent a 
person from entering the heating boiler. 
Alternative clearances in accordance with 
the manufacturer's recommendations are 
subject to acceptance by the Jurisdiction. 

b) Modular heating boilers that require indi- 
vidual units to be set side by side, front to 
back or by stacking shall provide clearances 
in accordance with the manufacturer's 
recommendations, subject to acceptance 
by the Jurisdiction. 

c) Heating boilers shall be located so that 
adequate space is provided for proper op- 
eration, maintenance, 3 and inspection of 
equipment and appurtenances. 



3.4 



3.4.1 



BOILER ROOM REQUIREMENTS 



EXIT 



Two means of exit shall be provided for boiler 
rooms exceeding 500 sq.ft. (46.5 sq. m) of floor 
area and containing one or more boilers having 
a combined fuel capacity of 1,000,000 Btu/hr 
(293 kW) or more (or equivalent electrical heat 
input). Each elevation shall be provided with 
at least two means of exit, each to be remotely 
located from the other. A platform at the top of 
a single boiler is not considered an elevation. 



Maintenance -This includes the removal of tubes. 



a) All walkways, runways, and platforms shall 
be: 

1 ) of metal construction; 

2) provided between or over the top of 
boilers that are more than 8 ft. (2.4 m) 
above the operating floor to afford ac- 
cessibility for normal operation, main- 
tenance, and inspection; 

3) constructed of safety treads, standard 
grating, or similar material and have a 
minimum width of 30 in. (760 mm); 

4) of bolted, welded, or riveted construc- 
tion; and 

5) equipped with handrails 42 in. (1070 
mm) high with an intermediate rail and 
4 in. (1 00 mm) toe board. 

b) Stairways that serve as a means of access 
to walkways, runways, or platforms shall 
not exceed an angle of 45 degrees from the 
horizontal and be equipped with handrails 
42 in. (1 070 mm) high with an intermediate 
grid. 

c) Ladders that serve as a means of access to 
walkways, runways, or platforms shall: 

1 ) be of metal construction and not less 
than 18 in. (460 mm) wide; 

2) have rungs that extend through the 
side members and are permanently 
secured; 

3) have a clearance of not less than 30 
in. (760 mm) from the front of rungs to 
the nearest permanent object on the 
climbing side of the ladder; 

4) have a clearance of not less than 6-1 12 
in. (1 65 mm) from the back of rungs to 
the nearest permanent object; and 
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5) have a clearance width of at least 1 5 in. 
(380 mm) from the center of the ladder 
on either side across the front of the 
ladder. 

d) There shall be at least two permanently 
installed means of exit from walkways, 
runways, or platforms that exceed 6 ft (1 .8 
m) in length. 



3.5 



3.5.1 



SOURCE REQUIREMENTS 



WATER 



a) A means to add water to or fill the boiler, 
while not under pressure, shall be provided. 
A valve or threaded plug may be used to 
shut off the fill connection when the boiler 
is in service. 

b) Waterfill connections shall be installed and 
provisions shall be made to prevent boiler 
water from back-feeding into the service 
water supply. 

c) Provision should also be made in every 
boiler room for a convenient water supply 
that can be used to flush out the boiler and 
to clean the boiler room floor. 



3.5.2 



FUEL 



Fuel systems, whether firing coal, oil, gas, or 
other substance, shall be installed in accor- 
dance with jurisdictional and environmental re- 
quirements, manufacturer's recommendations, 
and/or industry standards, as applicable. 



3.5.3 



ELECTRICAL 



All wiring for controls, heat generating ap- 
paratus, and other appurtenances necessary 
for the operation of the boiler or boilers 



shall be installed in accordance with the 
provisions of national or international 
standards and comply with the applicable 
local electrical codes. 

b) A manually operated remote shutdown 
switch or circuit breaker shall be located 
just outside the boiler room door and 
marked for easy identification. Consider- 
ation should also be given to the type and 
location of the switch to safeguard against 
tampering. 

c) If the boiler room door is on the building 
exterior, the switch shall be located just 
inside the door. If there is more than one 
door to the boiler room, there shall be a 
switch located at each door of egress. 

1) For atmospheric-gas burners, and oil 
burners where a fan is on a common 
shaft with the oil pump, the complete 
burner and controls should be shut 
off. 

2) For power burners with detached auxil- 
iaries, only the fuel input supply to the 
firebox need be shut off. 

d) Controls and Heat Generating Apparatus 

1) Oil- and gas-fired and electrically 
heated boilers and water heaters shall 
be equipped with suitable primary 
(flame safeguard) safety controls, safety 
limit switches, and burners or electric 
elements as required by a nationally or 
internationally recognized standard. 

2) The symbol of the certifying orga- 
nization that has investigated such 
equipment as having complied with a 
nationally recognized standard shall 
be affixed to the equipment and shall 
be considered as evidence that the unit 
was manufactured in accordance with 
that standard. 
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3.5.4 



These devices shall be installed in 
accordance with jurisdictional and 
environmental requirements, manu- 
facturer's recommendations, and/or 
industry standards, as applicable. 



VENTILATION AND 
COMBUSTION ASR 



The boiler room shall have an adequate air 
supply to permit clean, safe combustion, 
minimize soot formation, and maintain 
a minimum of 19.5% oxygen in the air 
of the boiler room. The combustion and 
ventilation air may be supplied by either 
an unobstructed air opening or by power 
ventilation or fans. 4 



e) When combustion air is supplied to the 
heating boiler by an independent duct, 
with or without the employment of power 
ventilators or fans, the duct shall be sized 
and installed in accordance with the man- 
ufacturer's recommendations. However, 
ventilation for the boiler room must still be 
considered. 

f) The size of openings specified in 3.5.4(b) 
may be reduced when special engineered 
air supply systems approved by the Jurisdic- 
tion are used. 

g) Care should be taken to ensure that steam 
and water lines are not routed across com- 
bustion air openings, where freezing may 
occur in cold climates. 



b) Unobstructed air openings shall be sized 
on the basis of 1 sq. in. (645 sq mm) free 
area per 2000 Btu/hr (586 W) maximum 
fuel input of the combined burners located 
in the boiler room, or as specified in the 
National Fire Protection Association (NFPA) 
standards for oil and gas burning installa- 
tions for the particular job conditions. The 
boiler room air supply openings shall be 
kept clear at all times. 

c) Power ventilators or fans shall be sized 
on the basis of 0.2 cfm (.0057 cu meters 
per minute) for each 1 ,000 Btu/hr (293 W) 
of maximum fuel input for the combined 
burners of all boilers and/or water heaters 
located in the boiler room. Additional ca- 
pacity may be required for any other fuel 
burning equipment in the boiler room. 

d) When power ventilators or fans are used 
to supply combustion air, they shall be 
installed with interlock devices so that 
the burners will not operate without an 
adequate number of ventilators/fans in 
operation. 



3.5.5 



LIGHTING 



4 Fans - When combustion air is supplied to the boiler by 
an independent duct, with or without the employment of power 
ventilators or fans, the duct shall be sized and installed in ac- 
cordance with the manufacturer's recommendations. However, 
ventilation for the boiler room must still be considered. 



The boiler room should be well lighted, and it 
should have an emergency light source for use 
in case of power failure. 



3.5.6 EMERGENCY VALVES AND 

CONTROLS 

All emergency shut-off valves and controls shall 
be accessible from a floor, platform, walkway 
or runway. Accessibility shall mean within a 6 
ft. (1 .8 m) elevation of the standing space and 
not more than 12 in. (305 mm) horizontally 
from the standing space edge. 



3.6 DISCHARGE REQUIREMENTS 



3.6.1 CHIMNEY OR STACK 

Chimneys or stacks shall be installed in accor- 
dance with jurisdictional and environmental re- 
quirements, manufacturer's recommendations, 
and/or industry standards, as applicable. 
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3.6.2 



ASH REMOVAL 



Ash removal systems shall be installed in accor- 
dance with jurisdictional and environmental re- 
quirements, manufacturer's recommendations, 
and/or industry standards, as applicable. 



3.7.3 



BURNERS AND STOKERS 



Burners and stokers shall be installed in accor- 
dance with jurisdictional and environmental re- 
quirements, manufacturer's recommendations, 
and/or industry standards, as applicable. 



3.6.3 



DRAINS 



Unobstructed floor drains, properly located in 
the boiler room, will facilitate proper cleaning 
of the boiler room. Floor drains that are used 
infrequently should have water poured into 
them periodically to prevent the entrance of 
sewer gasses and odors. If there is a possibility 
of freezing, an environmentally safe antifreeze 
mixture should be used in the drain traps. 
Drains receiving blowdown water should be 
connected to the sanitary sewer by way of an 
acceptable blowdown tank or separator or an 
air gap that will allow the blowdown water to 
cool to at least 140°F (60°C) and reduce the 
pressure to 5 psig (34 kPa) or less. 



3.7 



3.7.1 



OPERATING SYSTEMS 



OIL HEATERS 



a) A heater for oil or other liquid harmful to 
boiler operation shall not be installed di- 
rectly in the steam or water space within a 
boiler. 

b) Where an external-type heater for such 
service is used, means shall be provided to 
prevent the introduction into the boiler of oil 
or other liquid harmful to boiler operation. 



3.7.2 



BREECHING AND DAMPERS 



Breeching and dampers shall be installed in 
accordance with jurisdictional and environ- 
mental requirements, manufacturer's recom- 
mendations, and/or industry standards, as 
applicable. 



3.7.4 FEEDWATER, MAKEUP WATER, 

AND WATER SUPPLY 

a) Steam Boilers 

Feedwater or water treatment shall be in- 
troduced into a boiler through the return 
piping system. Alternatively, feedwater or 
water treatment shall be introduced through 
an independent connection. The water 
flow from the independent connection 
shall not discharge directly against parts 
of the boiler exposed to direct radiant heat 
from the fire. Feedwater or water treatment 
shall not be introduced through openings 
or connections provided for inspection or 
cleaning, safety valve, water column, water 
gage glass, or pressure gage. The feedwater 
pipe shall be provided with a check valve 
near the boiler and a stop valve or cock 
between the check valve and the boiler, 
or between the check valve and the return 
pipe system. 

b) Hot-Water Boilers 

Makeup water may be introduced into a 
boiler through the piping system or through 
an independent connection. The water 
flow from the independent connection 
shall not discharge directly against parts 
of the boiler exposed to direct radiant heat 
from the fire. Makeup water shall not be 
introduced through openings or connec- 
tions provided exclusively for inspection or 
cleaning, safety relief valve, pressure gage, 
or temperature gage. The makeup water 
pipe shall be provided with a check valve 
near the boiler and a stop valve or cock 
between the check valve and the boiler, 
or between the check valve and the piping 
system. 
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c) Pota b I e Wate r H eate rs 

1) Water supply shall be introduced into 
a water heater through an independent 
water supply connection. Feedwater 
shall not be introduced through open- 
ings or connections provided for clean- 
ing, safety relief valves, drain, pressure 
gage, or temperature gage. 

2) If the water supply pressure to a water 
heater exceeds 75% of the set pressure 
of the safety relief valve, a pressure 
reducing valve is required. 



3.7.5 STOP VALVES 



3) Valves or cocks shall be flanged, thread- 
ed or have ends suitable for welding or 
brazing. 

4) All valves or cocks with stems or 
spindles shall have adjustable pressure- 
type packing glands and, in addition, 
all plug-type cocks shall be equipped 
with a guard or gland. The plug or other 
operating mechanism shall be distinctly 
marked in line with the passage to in- 
dicate whether it is opened or closed. 

5) All valves or cocks shall have tight clo- 
sure when under boiler hydrostatic test 
pressure. 



3.7.5.1 STEAM HEATING, HOT-WATER 
HEATING, AND HOT-WATER 
SUPPLY BOILERS 

a) For Single Installations 

Stop valves shall be located at an accessible 
point in the supply and return pipe connec- 
tions, as near the boiler as is convenient 
and practicable. 

b) For Multiple Boiler Installations 

A stop valve shall be used in each supply 
and return pipe connection of two or more 
boilers connected to a common system. 
See Figures 3.7.5-a, 3.7.5-b, and 3.7.5-c. 

c) Type of Stop Valve(s) 

1) All valves or cocks shall conform with 
the applicable portions of an accept- 
able code of construction and may be 
ferrous or nonferrous. 

2) The minimum pressure rating of all 
valves or cocks shall be at least equal 
to the pressure stamped upon the boiler, 
and the temperature rating of such 
valves or cocks, including all internal 
components, shall be not less than 
250°F(121°C). 



3.7.5.2 POTABLE WATER HEATERS 

Stop valves shall be installed in the supply 
and discharge pipe connections of a water 
heater installation to permit draining the water 
heater without emptying the system. See Figure 
3.7.5(d) 



3.7.6 



RETURN PIPE CONNECTIONS 



a) The return pipe connections of each boiler 
supplying a gravity return steam heating 
system shall be so arranged as to form a loop 
substantially as shown in Figure 3.7.5-b 
so that the water in each boiler cannot be 
forced out below the safe water level. 

b) For hand-fired boilers with a normal grate 
line, the recommended pipe sizes detailed 
as "A" in Figures 3.7.5-a and 3.7.5-b are 
NPS 1-1/2 (DN40)for4sq. ft (0.37 sq. m). 
or less firebox area at the normal grate line, 
NPS 2-1/2 (DN 65) for areas more than 4 
sq. ft (0.37 sq. m) up to 1 4.9 sq. ft (1 .38 sq. 
m), and NPS 4 (DN 1 00) for 1 5 sq. ft (1 .39 
sq. m) or more. 

c) For automatically-fired boilers that do not 
have a normal grate line, the recommended 
pipe sizes detailed as "A" in Figures 3.7.5- 
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a and 3.7.5-b are NPS 1-1/2 (DN 40) for 
boilers with minimum safety valve relieving 
capacity 250 Ib/hr (1 1 3 kg/hr) or less, NPS 
2-1/2 (DN 65) for boilers with minimum 
safety valve relieving capacity from 251 
Ib/hr (114 kg/hr) to 2000 Ib/hr (907 kg/hr), 
inclusive, and NPS 4 (DN 100) for boil- 
ers with more than 2000 Ib/hr (907 kg/hr) 
minimum safety valve relieving capacity. 



d) Provision shall be made for cleaning the 
interior of the return piping at or close to the 
boiler. Washout openings should be used 
for return pipe connections and the wash- 
out plug placed in a tee or a cross so that 
the plug is directly opposite and as close 
as possible to the opening in the boiler. 



FIGURE 3.7.5-a 
Steam boilers in battery 



pumped return — acceptable piping installation 



Steam main 




Heating 
supply 



Pump control 
anil gage glass 



From receiver tank 



Genera! Note: 

Return connections shown tor a multiple boiler installation may not always 

insyre that the system will operate properly. In order to maintain proper water levels in multiple 

boiler installations. It may be necessary to install supplementary controls or suitable devices. 

Note: 

(1) Recommended for 1 in. (25 mm) and larger safety valve discharge. 
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FIGURE 3.7.5-b 

Steam boilers in battery — gravity return — acceptable piping installation 




Heating return 



General mote: 

Return connections shown tor a multiple boiler installation may not always 

insure that the system will operate properly. In order to maintain proper water levels in multiple 

boiler installations, it may be necessary to install supplementary controls or suitable devices. 

Note: 

(1) Recommended for 1 in. (25 mm) and larger safety valve discharge. 
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FIGURE 3.7.5-c 

Hot-water boilers in battery — acceptable piping installation 




(1)1 
Ion 
(2) The i 



of control testing 



See HG-614. Acceptable 
ing and/or service, 
stop valves may be 



side of the check valves. 
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FIGURE 3.7.5-d 

Storage Potable Water Heaters in Battery - Acceptable Piping Installation 




Water 1 Heater with Side 



(1) Recirculation system may be gravity or | 



FIGURE 3.7.5-e 

Flow Through Potable Water Heater Without Provision for Piping Expansion - Acceptable 

Piping Installation 



& 




i^ J 



-g. 1. 



-M +- 




Optical 
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3.7.7 BOTTOM BLOWOFF AND 

DRAIN VALVES 



rating of such valves and cocks shall not 
be less than 250°F (121°C). 



3.7.7.1 STEAM HEATING, HOT-WATER 
HEATING, AND HOT-WATER 
SUPPLY BOILERS 

a) Bottom Blowoffs 

1) Each steam boiler shall have a bottom 
blowoff connection fitted with a valve 
or cock connected to the lowest water 
space practicable with a minimum 
size as shown in Table 3.7.7.1. The 
discharge piping shall be full size to 
the point of discharge. 

2) Boilers having a capacity of 25 gallons 
(95 I) or less are exempt from the above 
requirements, except that they shall 
have a NPS 3/4 (DN 20) minimum drain 
valve. 

b) Drains 

1) Each steam or hot-water boiler shall 
have one or more drain connections, 
fitted with valves or cocks connecting 
to the lowest water containing spaces. 
All parts of the boiler must be capable 
of being drained (the boiler design will 
dictate the number and size of drains). 
The minimum size of the drain piping, 
valves, and cocks shall be NPS 3/4 (DN 
20). The discharge piping shall be full 
size to the point of discharge. 

2) When the blowoff connection is located 
at the lowest water containing space, 
a separate drain connection is not re- 
quired. 

c) Minimum Pressure Rating 

The minimum pressure rating of valves 
and cocks used for blowoff or drain pur- 
poses shall beat least equal to the pressure 
stamped on the boiler but in no case less 
than 30 psig (200 kPa). The temperature 



TABLE 3.7.7.1 

Size of bottom blowoff piping, valves, and 

cocks 



Minimum Required 
Safety Valve Capacity, lb 
of steam/hr (Note 1) 


Blowoff Piping, 
Valve, and Cock 
Sizes, in. (mm)(min.) 


up to 500 
(up to 227 kg) 


3/4 
(19) 


501 to 1,250 

(over 227 kg to 567 kg) 


1 

(25) 


1,251 to 2,500 

(over 567 kg to 1134 kg) 


1-1/4 

(32) 


2,501 to 6,000 

(over 1134 kg to 2722 kg) 


1-1/2 
(38) 


6,001 and larger 
(over 2722 kg) 


2 

(50) 


Note 1 : To determine the discharge capacity of the 
safety relief valves in terms total energy absorbed, 
use 1 lb steam per hour per 1 000 Btu (1 kg steam 
per hour per 2326 kj) 



3.7.7.2 POTABLE WATER HEATERS 
Drain Valve 

a) Each water heater shall have a bottom 
drain pipe connection fitted with a valve 
or cock connected with the lowest water 
space practicable. The minimum size bot- 
tom valve shall be NPS 3/4 (DN 20). 

b) Any discharge piping connected to the bot- 
tom drain connection shall be full size to 
the point of discharge. See Figures 3.7.5-d 
and 3.7.5-e 



3.7.8 MODULAR STEAM HEATING 

AND HOT-WATER HEATING 
BOILERS 



4-e 



NATIONAL BOARD INSPECTION CODE • PART 1 



INSTALLATION 



3.7.8.1 



INDIVIDUAL MODULES 



a) The individual modules shall comply with 
all the requirements of the code of construc- 
tion and this paragraph. The individual mod- 
ules shall be limited to a maximum input of 
400,000 Btu/hr (117 kW/hr), gas 3 gal./hr 
(1 1 .4 l/hr), oil or 1 1 7 kW (electricity). 

b) Each module of a modular steam heating 
boiler shall be equipped with: 

1 ) Safety valve, see 3.9.2 

2) Blowoff valve, see 3.7.7.1 (a) 

3) Drain valve, see 3.7.7.1(b). 

c) Each module of a modular hot-water heat- 
ing boiler shall be equipped with: 

1) Safety relief valve, see 3.9.3 

2) Drain valve, see 3.7.7.1(b). 



3.7.8.2 ASSEMBLED MODULAR 
BOILERS 

a) The individual modules shall be manifolded 
together at the job-site without any inter- 
vening valves. 

b) The assembled modular steam heating 
boiler shall also be equipped with: 

1) Feedwater connection, see Figures 
3.7.5-a and 3.7.5-b 

2) Return pipe connection, see Figures 
3.7.5-a and 3.7.5-b 

c) The assembled modular hot water boiler 
shall also be equipped with: 

1) Makeup water connection, see Figure 

3.7.5-c 

2) Provision for thermal expansion, see 
Figures 3.7.5-c and Table 3.7.9.1 -a 



3) Stop valves, see Figure 3.7.5-c (treat- 
ing the assembled modular boiler as a 
single unit). 



3.7.9 PROVISIONS FOR THERMAL 

EXPANSION 



3.7.9.1 EXPANSION TANKS AND 

PIPING FOR STEAM HEATING, 
HOT- WATER HEATING, HOT- 
WATER SUPPLY BOILERS, AND 
POTABLE WATER HEATERS 

a) Expansion Tanks for Hot-Water Heating, 
and Hot-Water Supply Boilers 
All hot-water heating systems incorporating 
hot-water tanks or fluid relief columns shall 
be so installed as to prevent freezing under 
normal operating conditions. 

1 ) Heating Systems With Open Expansion 
Tank 

An indoor overflow from the upper 
portion of the expansion tank shall be 
provided in addition to an open vent, 
the indoor overflow shall be carried 
within the building to a suitable plumb- 
ing fixture or drain. 

2) Closed Heating Systems 

An expansion tank shall be installed 
that will be consistent with the volume 
and capacity of the system. If the system 
is designed for a working pressure of 30 
psig (200 kPa) or less, the tank shall be 
suitably designed for a minimum hydro- 
static test pressure of 75 psig (520 kPa). 
Expansion tanks for systems designed to 
operate above 30 psig (200 kPa) shall 
be constructed in accordance with 
an acceptable code of construction. 
Provisions shall be made for draining 
the tank without emptying the system. 
Except for prepressurized tanks, the 
minimum capacity of the closed-type 
expansion tank should be determined 
from Tables 3.7.9.1 -a and 3. 7.9. 1-b or 
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from the following formula where the 
necessary information is available: 

US Customary: 

V t = (0.00047T-0.0466)V 

(iyp,) - (P/p ) 



where, 



Table 3. 7.9.1 -a 

Expansion Tank Capacities for Gravity Hot- 
Water Systems 



v,= 


minimum volume of tanks, 




gallons 


V = 

s 


volume of system, not 




including tanks, gallons 


T = 


(t2-t1)°F 


t, = 


lower temperature 


t, = 


higher temperature 


p = 

a 


atmospheric pressure, psia 


P f = 


fill pressure, psia 


P = 




maximum operating 




pressure, psia 


Metric 




v t = 


(0.0007387- 0.0.3348)1/ 



(P/P f )-(P/P 



where, 

v = 

s 

T = 
P = 
P = 



minimum volume of tanks, 
liters 

volume of system, not 
including tanks, liters 
average operating 
temperature, °C 
atmospheric pressure, kPa 
fill pressure, kPa 
maximum operating 
pressure, kPa 



3) Hot-water Supply Systems and Potable 
Water Systems 

If a system is equipped with a check 
valve or pressure reducing valve in the 
cold water inlet line, consideration 
should be given to the installation of an 
airtight expansion tank or other suitable 
air cushion. Otherwise due to the ther- 
mal expansion of the water, the safety 
relief valve may lift periodically. If an 
expansion tank is provided, it shall be 
constructed in accordance with an ac- 



(Based on two-pipe system with average operating 

water temperature 1 70°F (77°C), using cast-iron 

column radiation with heat emission rate 

1 50 Btu/hr sq. ft. (473 W/sq. m) equivalent direct 

radiation.) 


Installed Equivalent 
Direct Radiation, sq. 
ft. (sq. m) (Note) 


No. 


Tank Capacity, 
gallon (I) 


up to 350 (33) 




18(68) 


up to 450 (42) 




21 (80) 


up to 650 (60) 




24(91) 


up to 900 (84) 




30(114) 


up to 1,100(102) 




35 (132) 


up to 1,400(130) 




40(151) 


up to 1,600(149) 


2 


60 (228) 


up to 1,800(167) 


2 


60 (228) 


up to 2,000 (186) 


2 


70 (264) 


up to 2,400 (223) 


2 


80 (302) 


Note: For systems with more than 2,400 sq. ft. 
(223 sq. m) of installed equivalent direct water 
radiation, the required capacity of the cushion 
tank shall be increased on the basis of 1 gallon 
(3.81 I) tank capacity/33 sq. ft. (3 sq. m) of 
additional equivalent direct radiation. 



ceptable code of construction. Except 
for prepressurized tanks, which should 
be installed on the cold water side, 
provisions shall be made for draining 
the tank without emptying the system. 
See Figures 3.7.5-d and 3.7.5-e for a 
typical acceptable installation. 

b) Piping for Steam Heating, Hot-water Heat- 
ing, and Hot-water Supply Boilers 
Provisions shall be made for the expansion 
and contraction of steam and hot water 
mains connected to boiler(s) so there will be 
no undue strain transmitted to the boiler(s). 
See Figures 3. 7. 5-a, 3.7.5-b, and3.7.5-cfor 
typical schematic arrangements of piping 
incorporating strain absorbing joints for 
steam and hot-water heating boilers. 
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Table 3.7.9.1 -b 

Expansion Tank Capacities for Forced Hot- 
Water Systems (Note) 



Table 3.7.9.1 -c 

Expansion Tank Capacities for a Water Heater 

(Note) 



(Based on average operating water temperature 
195°F [91 °C], fill pressure 12 psig [83 kPa], and 
maximum operating pressure 30 psig [200 kPa]) 


Tank Capacities, gal (I) 


System 
Volume, 

gal (I) 


Prepressurized 

Diaphragm 

type 


Nonpressurized 
type 


100(380) 


9(34) 


1 8 (57) 


200 (760) 


1 7 (64) 


30(114) 


300(1140) 


25 (95) 


45 (170) 


400(1514) 


33 (125) 


60 (227) 


500(1890) 


42 (159) 


75 (284) 


1,000(3790) 


83 (315) 


150(568) 


2,000(7570) 


165 (625) 


300(1136) 


Note: System volume includes volume of water in 
boiler, radiation, and piping, not including the ex- 
pansion tank. Expansion tank capacities are based 
on an acceptance factor of 0.4027 for prepressur- 
ized types and 0.222 for nonpressurized types. 

For other cases or metric calculations see Chapter 
1 2 of the 1 996 HVAC Systems and Equipment 
Volume of the ASHRAE Handbook. 



3.7.9.2 EXPANSION TANKS AND 

PIPING FOR POTABLE WATER 
HEATERS 

a) Expansion Tanks 

If a system is equipped with a check valve 
or pressure-reducing valve in the cold water 
inlet line, consideration should be given 
to the installation of an airtight expansion 
tank or other suitable air cushion. Other- 
wise, due to the thermal expansion of the 
water, the safety relief valve may lift peri- 
odically. If an expansion tank is provided, 
it shall be constructed in accordance with 
an acceptable code of construction. The 
minimum capacity of the expansion tank 
may be determined from Table 3.7.9.1 -c. 
See Figures 3.7.5-d and 3.7.5-e for a typi- 



Tank Capacities, gal. (I) 


System 

Volume, 
gal. (1) 


Prepressurized 

Diaphragm 

type 


Nonpressurized 
type 


50(190) 


1 (4) 


3(11) 


100(380) 


2(8) 


6(23) 


200 (760) 


3(11) 


12 (45) 


300(1140) 


4(15) 


1 8 (68) 


400(1514) 


5(19) 


24(91) 


500(1890) 


6 (23) 


30(114) 


1,000(3790) 


12 (45) 


60 (227) 


2,000(7570) 


24(91) 


120(454) 


Note: Capacities in this table are given as a guide 
to reduce or eliminate relief valve weeping under 
conditions of partial water system demands or oc- 
casional water draw during recovery. 

System volume includes water heater capacity 
plus all piping capacity for a recirculation system 
or water heater capacity only for a nonrecircula- 
tion system. 

The capacities are based upon a water temperature 
rise from 40°F to 1 80°F (4°C to 80°C), 60 psig 
(414 kPa) fill pressure, maximum operating pres- 
sure of 125 psig (862 kPa) 20% water recovery, 
and an acceptance factor of 0.465 for prepressur- 
ized types, and 0.09156 for nonpressurized types. 
For other cases or metric calculations see Chapter 
12 of the 1 996 HVAC Systems and Equipment 
Volume of the ASHRAE Handbook. 



cal acceptable installation. Except for pre- 
pressurized diaphragm-type tanks, which 
should be installed on the cold water side, 
provisions shall be made for draining the 
tank without emptying the system. 

b) Piping 

Provisions shall be made for the expansion 
and contraction of hot water mains con- 
nected to water heater(s) so that there will 
be no undue strain transmitted to the water 
heater(s). See Figures 3.7.5-d and 3.7.5-e 
for typical schematic arrangements of pip- 
ing incorporating strain absorbing joints. 
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3.8 



3.8.1 



INSTRUMENTS, FITTINGS, AND 
CONTROLS 



STEAM HEATING BOILERS 



3.8.1.1 STEAM GAGES 

a) Each steam boiler shall have a steam gage 
or a compound steam gage connected to its 
steam space or to its water column or to its 
steam connection. The gage or connection b) 
shall contain a siphon or equivalent device 
that will develop and maintain a water 

seal that will prevent steam from entering 
the gage tube. The connection shall be so 
arranged that the gage cannot be shut off 
from the boiler except by a cock placed in 
the pipe at the gage and provided with a 
tee- handle or lever- handle arranged to be c) 
parallel to the pipe in which it is located 
when the cock is open. The connections 
to the boiler shall be not less than NPS 1/4 
(DN 8). Where steel or wrought iron pipe 
or tubing is used, the connection and ex- 
ternal siphon shall be not less than NPS 1/2 
(DN I 5). The minimum size of a siphon, if d) 
used, shall be NPS 1/4 (DN 8). Ferrous and 
nonferrous tubing having inside diameters 
at least equal to that of standard pipe sizes 
listed above may be substituted for pipe. 

b) The scale on the dial of a steam boiler gage 
shall be graduated to not less than 30 psig 
(200 kPa) nor more than 60 psig (400 kPa). 
The travel of the pointer from psig (0 kPa) 
to 30 psig (200 kPa) pressure shall be at 
least 3 in. (75 mm). 



3.8.1 .2 WATER GAGE GLASSES 

a) Each steam boiler shall have one or more 
water gage glasses attached to the water 
column or boiler by means of valved fittings 
not less than NPS 1/2 (DN 15), with the 
lower fitting provided with a drain valve of 
a type having an unrestricted drain opening 



not less than NPS 1/4 (DN 8) to facilitate 
cleaning. Gage glass replacement shall be 
possible under pressure. Water glass fittings 
may be attached directly to a boiler. Boilers 
having an internal vertical height of less 
than 1 in. (254 mm) should be equipped 
with a water level indicator of the glass 
bulls-eye type provided the indicator is of 
sufficient size to show the water at both 
normal operating and low-water cutoff 
levels. 

The lowest visible part of the water gage 
glass shall be at least 1 in. (25 mm) above 
the lowest permissible water level recom- 
mended by the boiler manufacturer. With 
the boiler operating at this lowest permis- 
sible water level, there shall be no danger 
of overheating any part of the boiler. 

In electric boilers of the submerged elec- 
trode type, the water gage glass shall be so 
located to indicate the water levels both 
at startup and under maximum steam load 
conditions as established by the manufac- 
turer. 

In electric boilers of the resistance element 
type, the lowest visible part of the water 
gage shall be located at least 1 in. (25 mm) 
above the lowest permissible water level 
specified by the manufacturer. Each electric 
boiler of this type shall also be equipped 
with an automatic low-water cutoff on 
each boiler pressure vessel so located as 
to automatically cut off the power supply 
to the heating elements before the surface 
of the water falls below the visible part of 
the glass. 

Tubular water glasses on electric boilers 
having a normal water content not exceed- 
ing 1 00 gal. (380 I) shall be equipped with 
a protective shield. 

Note: Transparent material other than glass 
may be used for the water gage provided 
that the material will remain transparent 
and has proved suitable for the pressure, 
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temperature, and corrosive conditions ex- 
pected in service. 



3.8.1.3 WATER COLUMN AND WATER 
LEVEL CONTROL PIPES 

a) The minimum size of ferrous or nonferrous 
pipes connecting a water column to a steam 
boiler shall be NPS 1 (DN 25). No outlet 
connections, except for damper regulator, 
feed water regulator, steam gages, or ap- 
paratus that does not permit the escape of 
any steam or water except for manually 
operated blowdown, shall be attached to 
a water column or the piping connecting 
a water column to a boiler (see 3.7.4[a]) 
for introduction of feedwater into a boiler). 
If the water column, gage glass, low-water 
fuel cutoff, or other water level control 
device is connected to the boiler by pipe 
and fittings, no shutoff valves of any type 
shall be placed in such pipe and a cross or 
equivalent fitting to which a drain valve and 
piping may be attached shall be placed in 
the water piping connection at every right 
angle turn to facilitate cleaning. The water 
column drain pipe and valve shall be not 
less than NPS 3/4 (DN 20). 

b) The steam connections to the water column 
of a horizontal firetube wrought boiler shall 
be taken from the top of the shell or the up- 
per part of the head, and the water connec- 
tion shall be taken from a point not above 
the center line of the shell. For a cast-iron 
boiler, the steam connection to the water 
column shall be taken from the top of an 
end section or the top of the steam header, 
and the water connection shall be made 
on an end section not less than 6 in. (150 
mm) below the bottom connection to the 
water gage glass. 



3.8.1.4 PRESSURE CONTROL 

Each automatically fired steam boiler shall be 
protected from overpressure by two pressure- 
operated controls. 



a) Each individual automatically fired steam 
boiler shall have a safety limit control that 
will cut off the fuel supply to prevent steam 
pressure from exceeding the 15 psig (100 
kPa) maximum allowable working pres- 
sure of the boiler. Each control shall be 
constructed to prevent a pressure setting 
above 1 5 psig (1 00 kPa). 

b) Each individual steam boiler or each system 
of commonly connected steam boilers shall 
have a control that wi 1 1 cutoff the fuel sup- 
ply when the pressure reaches an operating 
limit, which shall be less than the maximum 
allowable pressure. 

c) Shutoff valves of any type shall not be 
placed in the steam pressure connection 
between the boiler and the controls de- 
scribed in (a) and (b) above. These controls 
shall be protected with a siphon or equiva- 
lent means of maintaining a water seal 
that will prevent steam from entering the 
control. The connections to the boiler shall 
not be less than N PS 1 /4 (DN 8), but where 
steel or wrought iron pipe or tubing is used, 
they shall not be less than NPS 1/2 (DN 1 5). 
The minimum size of an external siphon 
shall be NPS 1/4 (DN 8) or 3/8 in. (1 mm) 
outside diameter nonferrous tubing. For 
manifold connections, the minimum size 
shall be as specified in the original code 
of construction. 



3.8.1 .5 AUTOMATIC LOW-WATER FUEL 
CUTOFF AND/OR WATER 
FEEDING DEVICE 

a) Each automatically-fired steam- or vapor- 
system boiler shall have an automatic 
low-water fuel cutoff so located as to auto- 
matically cut off the fuel supply when the 
surface of the water falls to the lowest vis- 
ible part of the water gage glass. If a water 
feeding device is installed, it shall be so 
constructed that the water inlet valve can- 
not feed water into the boiler through the 
float chamber and so located as to supply 
requisite feedwater. 
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b) Such a fuel cutoff or water feeding device 
may be attached directly to a boiler. A fuel 
cutoff or water feeding device may also be 
installed in the tapped openings available 
for attaching a water glass directly to a 
boiler, provided the connections are made 
to the boiler with nonferrous tees or Y's 
not less than NPS 1/2 (DN 15) between 
the boiler and water glass so that the water 
glass is attached directly and as close as 
possible to the boiler; the run of the tee or 
Y shall take the water glass fittings, and the 
side outlet or branch of the tee or Y shall 
take the fuel cutoff or water feeding device. 
The ends of all nipples shall be reamed to 
full-size diameter. 

c) Fuel cutoffs and water feeding devices 
embodying a separate chamber shall have 
a vertical drain pipe and a blowoff valve 
not less than NPS 3/4 (DN 20), located at 
the lowest point in the water equalizing 
pipe connections so that the chamber and 
the equalizing pipe can be flushed and the 
device tested. 



3.8.1 .6 MODULAR STEAM HEATING 
BOILERS 

a) Each module of a modular steam boiler 
shall be equipped with: 

1) Steam gage, see 3.8.1 .1 

2) Water gage glass, see 3.8.1 .2 

3) Pressure control, see 3.8.1 .4(a) 

4) Low-water cutoff, see 3.8.1 .5 

b) The assembled modular steam heating 
boiler shall also be equipped with a pres- 
sure control. See 3.8.1 .4(b). 



3.8.1 .7 INSTRUMENTS, FITTINGS, AND 
CONTROLS MOUNTED INSIDE 
BOILER JACKETS 

Any or all instruments, fittings, and controls 
required by these rules may be installed inside 
of boiler jackets provided the water gage and 
pressure gage on a steam boiler are visible 
through an opening or openings at all times. 



3.8.2 HOT- WATER HEATING OR HOT- 

WATER SUPPLY BOILERS 



3.8.2.1 PRESSURE OR ALTITUDE GAGES 

a) Each hot-water heating or hot-water supply 
boiler shall have a pressure or altitude gage 
connected to it or to its flow connection 
in such a manner that it cannot be shut off 
from the boiler except by a cock with tee 
or lever handle, placed on the pipe near 
the gage. The handle of the cock shall be 
parallel to the pipe in which it is located 
when the cock is open. 

b) The scale on the dial of the pressure or alti- 
tude gage shall be graduated approximately 
to not less than 1 -1/2 nor more than 3-1/2 
times the pressure at which the safety relief 
valve is set. 

c) Piping or tubing for pressure or altitude 
gage connections shall be of nonferrous 
metal when smaller than NPS 1 (DN 25). 



3.8.2.2 THERMOMETERS 

Each hot-water heating or hot-water supply 
boiler shall have a thermometer so located and 
connected that it shall be easily readable. The 
thermometer shall be so located that it shall at 
all times indicate the temperature of the water 
in the boiler at or near the outlet. 
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3.8.2.3 



TEMPERATURE CONTROL 



Each automatically-fired hot-water heating or 
hot-water supply boiler shall be protected from 
over-temperature by two temperature-operated 
controls. 

a) Each individual automatically fired hot- 
water heating or hot-water supply boiler 
shall have a safety limit control that will 
cut off the fuel supply to prevent water 
temperature from exceeding the maximum 
allowable temperature at the boiler outlet. 
This water temperature safety control shall 
be constructed to prevent a temperature 
setting above the maximum allowable 
temperature. 

b) Each individual hot-water heating or 
hot-water supply boiler or each system 
of commonly connected boilers without 
intervening valves shall have a control that 
will cut off the fuel supply when the water 
temperature reaches an operating limit, 
which shall be less than the maximum al- 
lowable temperature. 



3.8.2.4 



LOW-WATER FUEL CUTOFF 



a) Each automatically-fired hot-water boiler 
with heat input greater than 400,000 Btu/ 
hr (1 1 7 kW) shall have an automatic low- 
water fuel cutoff that has been designed for 
hot-water service, and it shall be so located 
as to automatically cut off the fuel supply 
when the surface of the water falls to the 
level established in (b) below. 

b) As there is no normal waterline to be main- 
tained in a hot-water boiler, any location of 
the low-water fuel cutoff above the lowest 
safe permissible water level established by 
the boiler manufacturer is satisfactory. 

c) A coil-type boiler or a watertube boiler with 
heat input greater than 400,000 Btu/hr (1 1 7 
kW) requiring forced circulation to prevent 



overheating of the coils or tubes shall have 
a flow-sensing device installed in lieu of the 
low-water fuel cutoff required in (a) above 
to automatically cut off the fuel supply 
when the circulating flow is interrupted. 

d) A means shall be provided for testing the 
operation of the external low-water fuel 
cutoff without resorting to draining the 
entire system. Such means shall not render 
the device inoperable except as follows. If 
the means temporarily isolates the device 
from the boiler during this testing, it shall 
automatically return to its normal position. 
The connection may be so arranged that the 
device cannot be shut off from the boiler 
except by a cock placed at the device and 
provided with a tee or lever-handle ar- 
ranged to be parallel to the pipe in which 
it is located when the cock is open. 



3.8.2.5 MODULAR HOT-WATER 
HEATING BOILERS 

a) Each module of a modular hot-water heat- 
ing boiler shall be equipped with: 

1) Pressure/altitude gage, See 3.8.2.1 

2) Thermometer, See 3.8.2.2 

3) Temperature control, See 3.8.2.3(a). 

b) The assembled modular hot-water heating 
boiler shall be equipped with: 

1 ) Temperature control, See 3.8.2.3(b) 

2) Low-water fuel cutoff, See 3.8.2.4. 



3.8.2.6 INSTRUMENTS, FITTINGS, AND 
CONTROLS MOUNTED INSIDE 
BOILER JACKETS 

Any or all instruments, fittings, and controls 
required by these rules may be installed inside 
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of boiler jackets provided the thermometer and 
pressure gage are visible through an opening 
or openings at all times. 



3.8.3 POTABLE WATER HEATERS 



3.8.3.1 TEMPERATURE CONTROLS 



3.9 PRESSURE-RELIEVING VALVES 



3.9.1 SAFETY VALVE REQUIREMENTS 

— GENERAL 

The following general requirements pertain to 
installing, mounting, and connecting safety 
valves on boilers. 



Each individual automatically-fired water 
heater, in addition to the operating control 
used for normal water heater operation, shall 
have a separate high limit temperature actuated 
combustion control that will automatically cut 
off the fuel supply. The temperature range of the 
high limit temperature actuated control shall 
not allow a setting over 21 0°F (99°C). 

a) On gas-fired water heaters, the high limit 
temperature control when actuated shall 
shut off the fuel supply with a shutoff 
means other than the operating control 
valve. Separate valves may have a common 
body. 

b) On electrically heated water heaters, the 
high limit temperature control when actu- 
ated shall cutoff all power to the operating 
controls. 

c) On oil-fired water heaters, the high limit 
temperature control when actuated shall 
cut off al I current flow to the bu rner mecha- 
nism. 



3.9.1 .1 MOUNTING SAFETY AND 
SAFETY RELIEF VALVES FOR 
STEAM HEATING, HOT-WATER 
HEATING, AND HOT-WATER 

SUPPLY BOILERS 



3.9.1 .1 .1 PERMISSIBLE MOUNTING 

Safety valves and safety relief valves shall be 
located at the top side 5 of the boiler. They shall 
be connected directly to a tapped or flanged 
opening in the boiler, to a fitting connected to 
the boiler by a short nipple, to a Y-base, or to 
a valveless header connecting steam or water 
outlets on the same boiler. Coil- or header-type 
boilers shall have the safety valve or safety relief 
valve located on the steam or hot water outlet 
end. Safety valves and safety relief valves shall 
be installed with their spindles vertical. The 
opening or connection between the boiler and 
any safety valve or safety relief valve shall have 
at least the area of the valve inlet. 



d) On indirect water heating systems, the high 
limit temperature control when activated 
shall cut off the source of heat. 



3.9.1.1.2 REQUIREMENTS FOR 

COMMON CONNECTIONS FOR 
TWO OR MORE VALVES 



3.8.3.2 



THERMOMETER 



Each installed water heater shall have a ther- 
mometer so located and connected that it shall 
be easily readable. The thermometer shall be 
so located that it shall at all times indicate the 
temperature of the water in the water heater at 
or near the outlet. 



a) When a boiler is fitted with two or more 
safety valves on one connection, this con- 
nection shall have a cross-sectional area 
not less than the combined areas of inlet 
connections of all the safety valves with 
which it connects. 



5 Side — The top side of the boiler shall mean the highest 
practicable part of the boiler proper but in no case shall the 
safety valves be located below the normal operating level and 
in no case shall the safety relief valve be located below the low- 
est permissable water level. 
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b) When a Y-base is used, the inlet area sha 
be not less than the combined outlet areas. 
When the size of the boiler requires a safety 
valve or safety relief valve larger than NPS 
4 (DN100), two or more valves having 
the required combined capacity shall be 
used. When two or more valves are used 
on a boiler, they may be single, directly 
attached, or mounted on a Y-base. 



3.9.1.2 



THREADED CONNECTIONS 



II b) The discharge from safety or safety relief 
valves shall be so arranged that there will be 
no danger of scalding attendants. The safety 
or safety relief valve discharge shall be 
piped away from the boiler to a safe point 
of discharge, and there shall be provisions 
made for properly draining the piping. The 
size and arrangement of discharge piping 
shall be such that any pressure that may 
exist or develop will not reduce the reliev- 
ing capacity of the relieving devices below 
that required to protect the boiler. 



A threaded connection may be used for attach- 
ing a valve. 



3.9.1 .6 TEMPERATURE AND PRESSURE 
SAFETY RELIEF VALVES 



3.9.1.3 



PROHIBITED MOUNTINGS 



Safety and safety relief valves shall not be con- 
nected to an internal pipe in the boiler. 



3.9.1.4 USE OF SHUTOFF VALVES 
PROHIBITED 

No shutoff of any description shall be placed 
between the safety or safety relief valve and 
the boiler, or on discharge pipes between such 
valves and the atmosphere. 



3.9.1 .5 SAFETY AND SAFETY RELIEF 
VALVE DISCHARGE PIPING 

a) A discharge pipe shall be used. Its internal 
cross-sectional area shall be not less than 
the ful I area of the valve outlet or of the total 
of the valve outlets discharging thereinto, 
and shall be as short and straight as pos- 
sible and so arranged as to avoid undue 
stress on the valve or valves. A union may 
be installed in the discharge piping close to 
the valve outlet. When an elbow is placed 
on a safety or a safety relief valve discharge 
pipe, it shall be located close to the valve 
outlet downstream of the union. 



Hot-water heating or supply boilers limited to 
a water temperature of 21 0°F (99°C) may have 
one or more National Board capacity certified 
temperature and pressure safety relief valves 
installed. The requirements of 3.9.1 .1 through 
3.9.1 .5 shall be met, except as follows: 

a) A Y-type fitting shall not be used. 

b) If additional valves are used, they shall 
be temperature and pressure safety relief 
valves. 

c) When the temperature and pressure safety 
relief valve is mounted directly on the 
boiler with no more than 4 in. (100 mm) 
maximum interconnecting piping, the valve 
should be installed in the horizontal posi- 
tion with the outlet pointed down. 



3.9.2 SAFETY VALVE REQUIREMENTS 

FOR STEAM BOILERS 

a) Safety valves are to be manufactured in ac- 
cordance with a national or international 
standard. 

b) Each steam boiler shall have one or more 
National Board capacity certified safety 
valves of the spring pop type adjusted and 
sealed to discharge at a pressure not to 
exceed 15 psig (100 kPa). 
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c) No safety valve for a steam boiler shall be 
smaller than NPS 1/2 (DN 15). No safety 
valve shall be larger than NPS 4 (DN 1 00). 
The inlet opening shall have an inside di- 
ameter equal to, or greater than, the seat 
diameter. 

d) The minimum valve capacity in pounds (ki- 
lograms) per hour shall be the greater of that 
determined by dividing the maximum Btu 
(Watts) output at the boiler nozzle obtained 
by the firing of any fuel for which the unit 
is installed by 1000 Btu/lb (645 W/hr/kg), 
or shall be determined on the basis of the 
pounds (kilograms) of steam generated 
per hour per square foot (square meter) 



e) 



of boiler heating surface as given in Table 
3.9.2. For cast-iron boilers, the minimum 
valve capacity shall be determined by the 
maximum output method. In many cases 
a greater relieving capacity of valves will 
have to be provided than the minimum 
specified by these rules. In every case, the 
requirement of 3.9.2(e) shall be met. 

The safety valve capacity for each steam 
boiler shall be such that with the fuel burn- 
ing equipment installed, and operated at 
maximum capacity, the pressure cannot 
rise more than 5 psig (34 kPa) above the 
maximum allowable working pressure. 



TABLE 3.9.2 

Minimum Pounds of Steam per Hour per Square Foot of Heating Surface 
(1 lb steam/hr/sq. ft. [kg/hr/sq. m]) 



Firetube Boilers 



Watertube Boilers 



Boiler heating surface 



hand-fired 



stoker-fired 



oil, gas, or pulverized fuel-fired 



5(24) 



7(34) 



■ (39) 



6(29) 



-(39) 



10(49) 



Waterwall heating surface 



hand-fired 



stoker-fired 



oil, gas, or pulverized fuel-fired 



(39) 



10(49) 



14(68) 



(39) 



12 (59) 



16(78) 



Copper-finned watertubes 



hand-fired 



stoker-fired 



oil, gas, or pulverized fuel-fired 



4(20) 



5(24) 



5(24) 



4(20) 



5(24) 



6(29) 



Note: When a boiler is fired only by a gas having a heat value not in excess of 200 
Btu/cu. ft. (7.5MJ/cu. m), the minimum relieving capacity should be based on the values 
given for hand-fired boilers above. 

The heating surface shall be computed for that side of the boiler surface exposed to the 
products of combustion, exclusive of the superheating surface. In computing the heating 
surface for this purpose, only the tubes, fireboxes, shells, tubesheets, and the projected 
area of headers need be considered, except that for vertical firetube steam boilers, only 
that portion of the tube surface up to the middle gage cock is to be computed. 
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When operating conditions are changed, 
or additional boiler heating surface is 
installed, the valve capacity shall be in- 
creased, if necessary, to meet the new con- 
ditions and be in accordance with 3.9.2(e). 
The additional valves required, on account 
of changed conditions, may be installed 
on the outlet piping provided there is no 
intervening valve. 



3.9.3 SAFETY RELIEF VALVE 

REQUIREMENTS FOR HOT- 
WATER HEATING OR HOT- 
WATER SUPPLY BOILERS 

a) Safety relief valves are to be manufactured 
in accordance with a national or interna- 
tional standard. 

b) Each hot-water heating or hot-water sup- 
ply boiler shall have at least one National 
Board capacity certified safety relief valve, 
of the automatic reseating type set to relieve 
at or below the maximum allowable work- 
ing pressure of the boiler. 

c) Hot-water heating or hot-water supply 
boilers limited to a water temperature not 
in excess of 210°F (99°C) may have, in 
lieu of the valve(s) specified in (b) above, 
one or more National Board capacity certi- 
fied temperature and pressure safety relief 
valves of the automatic reseating type set to 
relieve at or below the maximum allowable 
working pressure of the boiler. 

d) When more than one safety relief valve is 
used on either hot-water heating or hot- 
water supply boilers, the additional valves 
shall be National Board capacity certified 
and may have a set pressure within a range 
not to exceed 6 psig (40 kPa) above the 
maximum allowable working pressure of 
the boiler up to and including 60 psig (414 
kPa), and 5% for those having a maximum 
allowable working pressure exceeding 60 
psig (413 kPa). 



e) No safety relief valve shall be smaller than 
NPS 3/4 (DN 20) nor larger than NPS 4 
(DN 100), except that boilers having a heat 
input not greater than 15,000 Btu/hr (4.4 
kW) should be equipped with a rated safety 
relief valve of NPS 1/2 (DN 15). 

f) The required relieving capacity, in pounds 
per hour (kg/hr), of the pressure relieving 
device or devices on a boiler shall be the 
greater of that determined by dividing the 
maximum output in Btu (Watts) at the boiler 
nozzle obtained by the firing of any fuel for 
which the unit is installed by 1000 Btu/lb 
(645 w/kg), or shall be determined on the 
basis of pounds (kilograms) of steam gener- 
ated per hour per square foot (square meter) 
of boiler heating surface as given in Table 
3.9.2. For cast-iron boilers, the minimum 
valve capacity shall be determined by the 
maximum output method. In many cases 
a greater relieving capacity of valves will 
have to be provided than the minimum 
specified by these rules. In every case, the 
requirements of 3.9.3(h) shall be met. 

g) When operating conditions are changed, 
or additional boiler heating surface is 
installed, the valve capacity shall be in- 
creased, if necessary, to meet the new 
conditions and shall be in accordance with 
3.9.3(h). The additional valves required, 
on account of changed conditions, may 
be installed on the outlet piping provided 
there is no intervening valve. 

h) Safety relief valve capacity for each boiler 
with a single safety relief valve shall be 
such that, with the fuel burning equipment 
installed and operated at maximum capac- 
ity, the pressure cannot rise more than 1 0% 
above the maximum allowable working 
pressure. When more than one safety relief 
valve is used, the over pressure shall be 
limited to 10% above the set pressure of 
the highest set valve allowed by 3.9.3(b). 
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3.9.4 SAFETY RELIEF VALVE 

REQUIREMENTS FOR POTABLE 
WATER HEATERS 

a) Each water heater shall have at least one 
National Board capacity certified tempera- 
ture and pressure safety relief valve. No 
safety relief valve shall be smaller than NPS 
3/4 (DN 20). 

b) The pressure setting shall be less than or 
equal to the maximum allowable working 
pressure of the water heater. However, if 
any of the other components in the hot-wa- 
ter supply system (such as valves, pumps, 
expansion or storage tanks, or piping) have 
a lesser working pressure rating than the 
water heater, the pressure setting for the 
safety relief valve(s) shall be based upon 
the component with the lowest maximum 
allowable working pressure rating. If more 
than one safety relief valve is used, the ad- 
ditional valve(s) may be set within a range 
not to exceed 1 0% over the set pressure of 
the first valve. 

c) The required relieving capacity in Btu/hr 
(W) of the safety relief valve shall not be 
less than the maximum allowable input 
unless the water heater is marked with the 
rated burner input capacity of the water 
heater on the casing in a readily visible 
location, in which case the rated burner 
input capacity may be used as a basis for 
sizing the safety relief valves. The relieving 
capacity for electric water heaters shall be 
3500 Btu/hr (1.0 kW) per kW of input. In 
every case, the following requirements shall 
be met. Safety rel ief valve capacity for each 
water heater shall be such that with the fuel 
burning equipment installed and operated 
at maximum capacity the pressure cannot 
rise more than 10% above the maximum 
allowable working pressure. 

d) If operating conditions are changed or addi- 
tional heating surface is installed, the safety 
relief valve capacity shall be increased, 
if necessary, to meet the new conditions 



and shall be in accordance with the above 
provisions. In no case shall the increased 
input capacity exceed the maximum allow- 
able input capacity. The additional valves 
required, on account of changed condi- 
tions, may be installed on the outlet piping 
providing there is no intervening valve. 



3.9.4.1 



INSTALLATION 



Safety relief valves shall be installed by either 
the installer or the manufacturer before a water 
heater is placed in operation. 



3.9.4.2 



PERMISSIBLE MOUNTINGS 



Safety relief valves shall be connected directly 
to a tapped or flanged opening in the top of 
the water heater, to a fitting connected to the 
water heater by a short nipple, to a Y-base, or 
to a valveless header connecting water outlets 
on the same heater. Safety relief valves shall be 
installed with their spindles upright and vertical 
with no horizontal connecting pipe, exceptthat, 
when the safety relief valve is mounted directly 
on the water heater vessel with no more than 4 
in. (1 00 mm) maximum interconnecting piping, 
the valve may be installed in the horizontal po- 
sition with the outlet pointed down. The center 
line of the safety relief valve connection shall 
be no lower than 4 in. (1 00 mm) from the top 
of the shell. No piping or fitting used to mount 
the safety valve shall be of nominal pipe size 
less than that of the valve inlet. 



3.9.4.3 REQUIREMENTS FOR 

COMMON CONNECTSON FOR 
TWO OR MORE VALVES 

a) When a potable water heater is fitted with 
two or more safety relief valves on one con- 
nection, this connection shall have a cross- 
sectional area not less than the combined 
areas of inlet connections of all the safety 
release valves with which it connects. 



5S 



NATIONAL BOARD INSPECTION CODE • PART 1 



INSTALLATION 



b) When a Y-base is used, the inlet area shall be 
not less than the combined outlet areas. 

c) When the size of the water heater requires 
a safety relief valve larger than NPS 4 (DN 
100) two or more valves having the re- 
quired combined capacity shall be used. 
When two or more valves are used on a 
water heater, they may be single, directly 
attached, or mounted on a Y-base. 



of scalding attendants. When the safety re- 
lief valve discharge is piped away from the 
water heater to the point of discharge, there 
shall be provisions for properly draining 
the piping and valve body. The size and ar- 
rangement of discharge piping shall be such 
that any pressure that may exist or develop 
will not reduce the relieving capacity of 
the relieving devices below that required 
to protect the water heater. 



3.9.4.4 THREADED CONNECTIONS 

A threaded connection may be used for attach- 
ing a valve. 



3.9.4.5 



PROHIBITED MOUNTINGS 



Safety relief valves shall not be connected to an 
internal pipe in the water heater or a cold water 
feed line connected to the water heater. 



3.9.4.6 USE OF SHUTOFF VALVES 
PROHIBITED 

No shutoff of any description shall be placed 
between the safety relief valve and the water 
heater, or on discharge pipes between such 
valves and the atmosphere. 



3.9.4.7 SAFETY RELIEF VALVE 
DISCHARGE PIPING 

a) When a discharge pipe is used, its internal 
cross-sectional area shall be not less than 
the full area of the valve outlet or of the total 
of the valve outlets discharging thereinto, 
and shall be as short and straight as possible 
and so arranged as to avoid undue stress 
on the valve or valves. When an elbow is 
placed on a safety relief discharge pipe, it 
shall be located close to the valve outlet. 



3.9.5 SAFETY AND SAFETY RELIEF 

VALVES FOR TANKS AND HEAT 
EXCHANGERS 



3.9.5.1 STEAM TO HOT-WATER SUPPLY 

When a hot-water supply is heated indirectly 
by steam in a coil or pipe within the service 
limitations set forth in 3.2, Definitions, the pres- 
sure of the steam used shall not exceed the safe 
working pressure of the hot water tank, and a 
safety relief valve at least NPS 1 (DN 25), set 
to relieve at or below the maximum allowable 
working pressure of the tank, shall be applied 
on the tank. 



3.9.5.2 HIGH TEMPERATURE WATER TO 
WATER HEAT EXCHANGER 

When high temperature water is circulated 
through the coils or tubes of a heat exchanger 
to warm water for space heating or hot-water 
supply, within the service limitations set forth 
in 3.2, Definitions, the heat exchanger shall 
be equipped with one or more National Board 
capacity certified safety relief valves set to 
relieve at or below the maximum allowable 
working pressure of the heat exchanger, and 
of sufficient rated capacity to prevent the heat 
exchanger pressure from rising more than 1 0% 
above the maximum allowable working pres- 
sure of the vessel. 



b) The discharge from safety relief valves shall 
be so arranged that there will be no danger 
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3.9.5.3 HIGH TEMPERATURE WATER TO 
STEAM HEAT EXCHANGER 

When high temperature water is circulated 
through the coils or tubes of a heat exchanger to 
generate low pressure steam, within the service 
limitations set forth in 3.2, Definitions, the heat 
exchanger shall be equipped with one or more 
National Board capacity certified safety valves 
set to relieve at a pressure not to exceed 15 psig 
(100 kPa), and of sufficient rated capacity to 
prevent the heat exchanger pressure from rising 
more than 5 psig (34 kPa) above the maximum 
allowable working pressure of the vessel. For 
heat exchangers requiring steam pressures 
greater than 1 5 psig (1 00 kPa), refer to Section 
2 or Section 4 of this Part. 



3.10.3 BOILER INSTALLATION REPORT 

a) Upon completion, inspection, and accep- 
tance of the installation, the installer shall 
complete and certify the Boiler Installation 
Reports. See 1.4.5.1. 

b) The 6o/7er Installation Report 1-1 shall be 
submitted as follows: 

1 ) One copy to the Owner; 

2) One copy to the Jurisdiction, if re- 
quired. 



3.10.4 



TABLES AND FIGURES 



3.1 TESTING AND ACCEPTANCE 



3.10.1 PRESSURE TEST 

Prior to initial operation, the completed boiler, 
individual module, or assembled module, shall 
be subjected to a pressure test in accordance 
with the requirements of the original code of 
construction. 



3.10.2 



FINAL ACCEPTANCE 



a) In addition to determining that all equip- 
ment called for is furnished and installed in 
accordance with the plans and specifica- 
tions, all controls shall be tested by a person 
familiar with the control system. 

b) Before any new heating plant (or boiler) is 
accepted for operation, a final (or accep- 
tance) inspection by a person familiar with 
the system shall be completed and all items 
of exception corrected. 



a) Table 3.7.9.1 -a, Expansion Tank Capacities 
for Gravity Hot- Water Systems 

b) Table 3.7.9.1 -b, Expansion Tank Capacities 
for Forced Hot-Water Systems 

c) Table 3.7.9.1 -c, Expansion Tank Capacities 
for a Water Heater 

d) Table 3.7.7.1, Size of Bottom Blowoff Pip- 
ing, Valves, and Cocks 

e) Table 3.9.2, Minimum Pounds of Steam Per 
Hour Per Square Foot of Heating Surface 

f) Figure 3.3.1 .1-a, Spacing and Weld Details 
for Supporting Lugs in Pairs on Horizontal 
Return Tubular Boilers 

g) Figure 3.3.1 .1 -b, Welded Bracket Connec- 
tion for Horizontal-Return Tubular Boilers 

h) Figure 3.7.5-a, Steam Boilers in Battery 

- Pumped Return - Acceptable Piping In- 
stallation 

i) Figure 3.7.5-b, Steam Boilers in Battery 

- Gravity Return -Acceptable Piping Instal- 
lation 
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j) Figure 3.7. 5-c, Hot-Water Boilers in Battery 
-Acceptable Piping Installation 

k) Figure 3.7.5-d, Storage Potable Water Heat- 
ers in Battery - Acceptable Piping Installa- 
tion 

I) Figure 3.7. 5-e, FlowThrough Potable Water 
Heater Without Provision for Piping Expan- 
sion -Acceptable Piping Installation 
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PART 1, SECTION 4 
INSTALLATION — PRESSURE 



'ESSELS 



4.1 



SCOPE 



This section provides requirements for the in- 
stallation of pressure vessels as defined in 4.2, 
Definitions. For installation of items that do not 
fall within the scope of this section, refer to the 
following sections as applicable: 

Section 2 — Power Boilers 

Section 3 — Steam Heating Boilers, Hot-Water 

Heating Boilers, Hot-Water Supply Boilers, and 

Potable Water Heaters 

Section 5 — Piping 



maintenance, and inspection (internal and 
external). 

b) Orientation of nozzles, manways, and 
attachments shall be such that sufficient 
clearance between the nozzles, manways 
and attachments, and the surrounding 
structure(s) is maintained during installa- 
tion, the attachment of associated piping, 
and operation. 



4.3.3 



PIPING 



4.2 



DEFINITIONS 



Pressure vessels are containers other than 
boilers or piping used for the containment of 
pressure. 



4.3 GENERAL REQUIREMENTS 



4.3.1 SUPPORTS 

Each pressure vessel shall be safely supported. 
The potential for future hydrostatic pressure 
tests of the vessel after installation shall be con- 
sidered when designing vessel supports. Design 
of supports, foundations, and settings shall 
consider vibration (including seismic and wind 
loads where necessary), movement (including 
thermal movement), and loadings (including 
the weight of water during a hydrostatic test) 
in accordance with jurisdictional requirements, 
manufacturer's recommendations, and/or other 
industry standards, as applicable. 



4.3.2 



CLEARANCES 



a) All pressure vessel installations must allow 
sufficient clearance for normal operation, 



Piping loads on the vessel nozzles shall be 
considered. Piping loads include weight of the 
pipe, weight of the contents of the pipe, expan- 
sion of the pipe from temperature and pressure 
changes (wind and seismic loads). The effects 
of piping vibration on the vessel nozzles shall 
also be considered. 



4.4 



4.4.1 



INSTRUMENTS AND 
CONTROLS 



LEVEL INDICATING DEVICES 



Steam drums of unfired steam boilers shall be 
provided with two level indicating devices. 
Direct level indicating devices should be con- 
nected to a single water column or connected 
directly to the drum, and the connections and 
pipe shall be not less than NPS 1/2 (DN 15). 
Indirect level indicating devices acceptable to 
the Jurisdiction may be used. 



4.4.2 PRESSURE INDICATING 

DEVICES 

The need for pressure indicating devices should 
be considered in the design of the pressure 
vessel, and when required, the scale on the 
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dial of the pressure gage shall be at least 25% 
above the highest set pressure of the pressure 
relief device. 



4.5 



PRESSURE RELIEF DEVICES 



All pressure vessels shall be protected by pres- 
sure relief devices in accordance with the fol- 
lowing requirements. 



4.5.1 



DEVICE REQUIREMENTS 



a) Pressure relief devices are to be manu- 
factured in accordance with a national or 
international standard and be certified for 
capacity (or resistance to flow for rupture 
disk devices) by the National Board. 

b) Dead weight or weighted lever pressure 
relief valves shall not be used. 

c) An unfired steam boiler shall be equipped 
with pressure relief valves as required in 
Section 2 of this Part. (See 2.9) 

d) Pressure relief devices shall be selected 
(i.e., material, pressure, etc.) and installed 
such that their proper functioning will not 
be hindered by the nature of the vessel's 
contents. 



4.5.2 



NUMBER OF DEVICES 



At least one device shall be provided for protec- 
tion of a pressure vessel. Pressure vessels with 
multiple chambers with different maximum al- 
lowable working pressures shall have a pressure 
relief device to protect each chamber under the 
most severe coincident conditions. 



4.5.3 



LOCATION 



The pressure relief device shall be installed 
directly on the pressure vessel, unless the 
source of pressure is external to the vessel 
and is under such positive control that the 



pressure cannot exceed the maximum al- 
lowable working pressure, then the device 
may be installed elsewhere in the system 
provided it is in communication with the 
vessel at all times. 

b) Pressure relief devices intended for use in 
compressible fluid service shall be con- 
nected to the vessel in the vapor space 
above any contained liquid, or in the piping 
system connected to the vapor space. 

c) Pressure relief devices intended for use in 
liquid service shall be connected below the 
normal liquid line. 



4.5.4 



CAPACITY 



a) The pressure relief device(s) shall have suf- 
ficient capacity to assure that the pressure 
vessel is not exposed to pressure greater 
than that specified in the original code of 
construction. 

b) If an additional hazard can be created by 
exposure of a pressure vessel to fire or 
other unexpected source of external heat, 
supplemental pressure relief devices shall 
be installed to provide any additional ca- 
pacity that should be required. 

c) Vessels connected together by a system of 
piping not containing valves that can isolate 
any pressure vessel should be considered 
as one unit when determining capacity 
requirements. 

d) Heat exchangers and similar vessels shall 
be protected with a pressure relief device 
of sufficient capacity to avoid overpressure 
in case of internal failure. 

e) When a non-reclosing device is installed 
between a pressure relief valve and the 
pressure vessel, the reduction in capacity 
due to installation of the non-reclosing 
device shall be determined in accordance 
with the code of construction by use of 
a National Board certified Combination 
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Capacity Factor (CCF). For rupture disks, 
if a certified combination capacity factor 
is not available, the capacity of the pres- 
sure relief valve shall be multiplied by 0.9 
and this value used as the capacity of the 
combination installation. 

f) The owner shall document the basis for 
selection of the pressure relief devices 
used, including capacity, and have such 
calculations available for review by the 
Jurisdiction. 



4.5.5 



SET PRESSURE 



a) When a single pressure relief device is used, 
the set pressure marked on the device shall 
not exceed the maximum allowable work- 
ing pressure. 

b) When more than one pressure relief device 
is provided to obtain the required capacity, 
only one pressure relief device set pressure 
needs to be at the maximum allowable 
working pressure. The set pressures of the 
additional pressure relief devices shall be 
such that the pressure cannot exceed the 
overpressure permitted by the code of con- 
struction. 



4.5.6 INSTALLATION AND 

DISCHARGE PIPING 
REQUIREMENTS 

a) The opening through all pipe and fittings 
between a pressure vessel and its pressure 
relief device shall have at least the area of 
the pressure relief device inlet. The char- 
acteristics of this upstream system shall be 
such that the pressure drop will not reduce 
the relieving capacity below that required 
or adversely affect the proper operation of 
the pressure relief device. 

b) A non-reclosing device installed between a 
pressure vessel and a pressure relief valve 
shall meet the requirements of 4.5.6(a). 



c) The opening in the pressure vessel wall 
shall be designed to provide unobstructed 
flow between the vessel and its pressure 
relief device. 

d) When two or more required pressure relief 
devices are placed on one connection, the 
inlet cross-sectional area of this connection 
shall be sized either to avoid restricting 
flow to the pressure relief devices or made 
at least equal to the combined inlet areas 
of the pressure relief devices connected to 
it. The flow characteristics of the upstream 
system shall satisfy the requirements of 
4.5.6(a). 

e) There shall be no intervening stop valves 
between the vessel and its pressure relief 
device(s), or between the pressure relief 
device(s) and the point of discharge except 
under the following conditions: 

1) When these stop valves are so con- 
structed or positively controlled that 
the closing of the maximum number of 
block valves at one time will not reduce 
the pressure relieving capacity below 
the required relieving capacity; or, 

2) Upon specific acceptance of the Ju- 
risdiction, when necessary for the 
continuous operation of processing 
equipment of such a complex nature 
that shutdown of any part is not fea- 
sible, a full area stop valve between a 
pressure vessel and its pressure relief 
device should be provided for inspec- 
tion and repair purposes only. This stop 
valve shall be arranged so that it can 
be locked or sealed open, and it shall 
not be closed except by an authorized 
person who shall remain stationed there 
during that period of operation while 
the valve remains closed. The valve 
shall be locked or sealed in the open 
position before the authorized person 
leaves the station. 

3) A full area stop valve should also be 
placed on the discharge side of a pres- 
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sure relief device when its discharge 
is connected to a common header 
for pressure relief devices to prevent 
discharges from these other devices 
from flowing back to the first device 
during inspection and repair. This stop 
valve shall be arranged so that it can 
be locked or sealed open, and it shall 
not be closed except by an authorized 
person who shall remain stationed there 
during that period of operation while 
the valve remains closed. The valve 
shall be locked and sealed in the open 
position before the authorized person 
leaves the station. This valve shall only 
be used when a stop valve on the inlet 
side of the pressure relief device is first 
closed. 

4) A pressure vessel in a system where 
the pressure originates from an out- 
side source should have a stop valve 
between the vessel and the pressure 
relief device, and this valve need not 
be sealed open, provided it also closes 
off that vessel from the source of the 
pressure. 

f) Pressure relief device discharges shall be 
arranged such that they are not a hazard to 
personnel or other equipment and, when 
necessary, lead to a safe location for dis- 
posal of fluids being relieved. 

g) Discharge lines from pressure relief devices 
shall be designed to facilitate drainage or 
be fitted with drains to prevent liquid from 
collecting in the discharge side of a pres- 
sure relief device. The size of discharge 
lines shall be such that any pressure that 
may exist or develop will not reduce the 
relieving capacity of the pressure relief 
device, or adversely affect the operation of 
the pressure relief device. 

h) Pressure relief devices shall be installed so 
they are readily accessible for inspection, 
repair, or replacement. 



4.6 TESTING AND ACCEPTANCE 

a) The installer shall exercise care during 
installation to prevent loose weld mate- 
rial, welding rods, small tools, and miscel- 
laneous scrap metal from getting into the 
vessel. The installer shall inspect the interior 
of the vessel and its appurtenances where 
possible prior to making the final closures 
for the presence of foreign debris. 

b) The completed pressure vessel shall be 
pressure tested in the shop or in the field 
in accordance with the original code of 
construction. When required by the Juris- 
diction, owner or user, the Inspector shall 
witness the pressure test of the completed 
installation, including piping to the pressure 
gage, pressure relief device, and, if present, 
level control devices. 
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PART 1, SECTION 5 
INSTALLATION — PIPING 



5.1 



SCOPE 



This section provides requirements for the 
installation of pressure piping. For installation 
of items that do not fall within the scope of 
this section, refer to the following sections as 
applicable: 

Section 2 — Power Boilers 

Section 3 — Steam Heating Boilers, Hot-Water 

Heating Boilers, Hot-Water Supply Boilers, and 

Potable Water Heaters 

Section 4 — Pressure Vessels 



5.2.3 FLANGES AND OTHER 

NON-WELDED JOINTS 

The layout of the piping shall take into consid- 
eration the need for required access to maintain 
and inspect piping joints. 



5.2.4 



VALVES 



Consideration should be given to the appropri- 
ate location and orientation of valves necessary 
for safe operation and isolation of the piping. 



5.2 GENERAL REQUIREMENTS 



5.2.1 ADDITIONS TO EXISTING 

PIPING 

Additions to existing piping systems shall con- 
form to this section. That portion of the existing 
piping system that is not part of the addition 
need not comply with this section provided the 
addition does not result in a change in piping 
system operation or function that would exceed 
the design conditions of the existing piping 
system or result in unsafe conditions. 



5.2.2 PROXIMITY TO OTHER 

EQUIPMENT AND STRUCTURES 

The arrangement of the piping and its appurte- 
nances shall take into consideration the loca- 
tion of other structures and equipment adjacent 
to the piping, which may result in interference 
and/or damage as a result of expansion, con- 
traction, vibration, or other movements. 



5.2.5 



MATERIALS 



All materials for piping and its appurtenances 
shall comply with the requirements of the code 
of construction. 



5.2.6 



HANGERS AND SUPPORTS 



Support of piping shall consider loads (includ- 
ing wind and seismic loads) imposed on equip- 
ment or existing piping to which it is attached. 
Non-piping attachments such as ladders and 
walkways, equipment supports, temporary 
supports, structural supports, etc., shall not be 
connected to the piping unless such loads have 
been considered in the design of the piping 
and its supports. Design of hangers and sup- 
ports for piping shall consider loads imposed 
by hydrostatic pressure testing. The installer 
shall remove pins from non-rigid hangers, seal 
plugs from hydraulic snubbers and temporary 
supports used for installation prior to placing 
the piping in service. 



5.2.7 



PROTECTION AND CLEANING 



The installer shall exercise care during instal- 
lation to prevent loose weld material, welding 
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rods, small tools, and miscellaneous scrap 
metal from getting into the piping. The installer 
shall inspect, and where necessary clean the in- 
terior of the piping and its appurtenances where 
possible, prior to making the final closures for 
the presence of foreign debris. 



5.3.2 



NUMBER OF DEVICES 



5.2.8 



WELDING AND BRAZING 



The installer should consider the impact of 
performing any preheating, welding, brazing, 
or postweld heat treatment on valves, instru- 
mentation, or other heat sensitive equipment 
and, where appropriate, review the equipment 
manufacturer's recommended installation pro- 
cedures prior to performing the work. 



5.3 



PRESSURE RELIEF DEVICES 



When required by the original code of con- 
struction, piping shall be protected by pressure 
relief devices in accordance with the following 
requirements. 



At least one pressure relief device shall be pro- 
vided for protection of a piping system. A pres- 
sure relief device installed on a pressure vessel 
or other component connected to the piping 
system should be used to meet this require- 
ment. Portions of piping systems with different 
maximum allowable working pressures shall 
have a pressure relief device to protect each 
portion separately. 



5.3.3 



LOCATION 



The pressure relief device, except those covered 
by Sections 2 and 3 of this Part, may be installed 
at any location in the system provided the pres- 
sure in any portion of the system cannot exceed 
the maximum allowable working pressure. 
Pressure drop to the pressure relief device under 
flowing conditions shall be considered when 
determining pressure relief device location. The 
device shall be in communication with the pip- 
ing system it is protecting at all times. 



5.3.1 



DEVICE REQUIREMENTS 



5.3.4 



CAPACITY 



a) Pressure relief devices are to be manu- 
factured in accordance with a national or 
international standard and be certified for 
capacity (or resistance to flow for rupture 
disc devices) by the National Board. 

1) In certain cases piping standards per- 
mit the use of regulators, which may 
include integral pressure relief valves 
to limit the pressure in a piping system. 
In this case, capacity certification of the 
pressure relief valve is not required. 

b) Dead weight or weighted lever pressure 
relief devices shall not be used. 

c) Pressure relief devices shall be selected 
(i.e., material, pressure, etc.) and installed 
such that their proper functioning will not 
be hindered by the nature of the piping 
system's contents. 



a) The pressure relief device(s) shall have suf- 
ficient capacity to assure that the piping is 
not exposed to pressures greater than that 
specified in the original code of construc- 
tion. 

b) When a non-reclosing device is installed 
between a pressure relief valve and the 
pipe, the reduction in capacity due to in- 
stallation of the non-reclosing device shall 
be determined in accordance with the code 
of construction by use of a National Board 
certified Combination Capacity Factor 
(CCF). For rupture disks, if a certified com- 
bination capacity factor is not available, the 
capacity of the pressure relief valve shall be 
multiplied by 0.9 and this value used as the 
capacity of the combination installation. 
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c) The owner shall document the basis for 
selection of the pressure relief devices 
used, including capacity, and have such 
calculations available for review by the 
Jurisdiction, when required. 



5.3.5 



SET PRESSURE 



a) When a single pressure relief device is used, 
the set pressure marked on the device shall 
not exceed the maximum allowable work- 
ing pressure, except when allowed by the 
original code of construction. 

b) When more than one pressure relief device 
is provided to obtain the required capacity, 
only one pressure relief device set pressure 
needs to be at the maximum allowable 
working pressure. The set pressures of the 
additional pressure relief devices shall be 
such that the pressure cannot exceed the 
overpressure permitted by the code of con- 
struction. 



5.3.6 !NLET AND DISCHARGE PIPING 

REQUIREMENTS 

a) The opening through all pipes and fittings 
between a piping system and its pressure 
relief device shall have at least the area of 
the pressure relief device inlet. The char- 
acteristics of this upstream system shall be 
such that the pressure drop will not reduce 
the relieving capacity below that required 
or adversely affect the operation of the pres- 
sure relief device. 

b) A non-reclosing device installed between 
a piping system and a pressure relief valve 
shall meet the requirements of 5.3.6(a). 

c) The opening in the pipe shall be designed 
to provide unobstructed flow between the 
pipe and its pressure relief device. 

d) When two or more required pressure relief 
devices are placed on the connection, the 



inlet cross-sectional area of this connection 
shall be sized either to avoid restricting 
flow to the pressure relief devices or made 
at least equal to the combined inlet areas 
of the pressure relief devices connected to 
it. The flow characteristics of the upstream 
system shall satisfy the requirements of 
5.3.6(a). 

e) There shall be no intervening stop valves 
between the piping system and its pressure 
relief device(s), or between the pressure 
relief device(s) and the point of discharge 
except under the following conditions: 

1) When these stop valves are so con- 
structed or positively controlled that 
the closing of the maximum number of 
block valves at one time will not reduce 
the pressure relieving capacity below 
the required relieving capacity; or, 

2) Upon specific acceptance of the Ju- 
risdiction, when necessary for the 
continuous operation of processing 
equipment of such a complex nature 
that shutdown of any part is not fea- 
sible, a full area stop valve between 
a piping system and its pressure relief 
device should be provided for inspec- 
tion and repair purposes only. This stop 
valve shall be arranged so that it can 
be locked or sealed open and it shall 
not be closed except by an authorized 
person who shall remain stationed there 
during that period of operation while 
the valve remains closed. The valve 
shall be locked or sealed in the open 
position before the authorized person 
leaves the station. 

3) A full area stop valve may be placed on 
the discharge side of a pressure relief 
device when its discharge is connected 
to a common header for pressure relief 
devices to prevent discharges from 
these other devices from flowing back 
to the first device during inspection and 
repair. This stop valve shall be arranged 
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so that it can be locked or sealed open, 
and it shall not be closed except by an 
authorized person who shall remain 
stationed there during that period of op- 
eration while the valve remains closed. 
The valve shall be locked or sealed in 
the open position before the authorized 
person leaves the station. This valve 
shall only be used when a stop valve 
on the inlet side of the pressure relief 
device is first closed. 

4) A piping system where the pressure 
originates from an outside source 
should have a stop valve between the 
system and the pressure relief device, 
and this valve need not be sealed open, 
provided it also closes off that vessel 
from the source of pressure. 

f) Pressure relief device discharges shall be 
arranged such that they are not a hazard 
to personnel or other equipment and when 
necessary, lead to a safe location for dis- 
posal of fluids being relieved. 

g) Discharge lines from pressure relief devices 
shall be designed to facilitate drainage or 
be fitted with drains to prevent liquid from 
collecting in the discharge side of a pres- 
sure relief device. The size of discharge 
lines shall be such that any pressure that 
may exist or develop will not reduce the 
relieving capacity of the pressure relief 
device, or adversely affect the operation of 
the pressure relief device. 

h) Pressure relief devices shall be installed so 
they are accessible for inspection, repair, 
or replacement. 



5.4 EXAMINATION, INSPECTION, 

AND TESTING 

The owner shall ensure that all examinations, 
inspections, and tests required by the code 
of construction have been performed prior to 
operation. 
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PARTI, SECTION 6 

SUPPLEMENT 1 

INSTALLATION OF YANKEE DRYERS 



SUPPLEMENT 1 

INSTALLATION OF YANKEE 
DRYERS (ROTATING CAST-IRON 
PRESSURE VESSELS) WITH 
FINISHED SHELL OUTER 
SURFACES 



S1.1 



SCOPE 



a) This Supplement describes guidelines for 
the installation of a Yankee dryer. A Yan- 
kee dryer is a rotating steam-pressurized 
cylindrical vessel commonly used in the 
paper industry, and is typically made of cast 
iron, finished to a high surface quality, and 
characterized by a center shaft connecting 
the heads. 

b) Yankee dryers are primarily used in the 
production of tissue-type paper products. 
When used to produce machine-glazed 
(MG) paper, the dryer is termed an MG 
cylinder. A wet paper web is pressed onto 
the finished dryer surface using one or 
two pressure (pressing) rolls. Paper is dried 
through a combination of mechanical 
dewatering by the pressure roll(s); thermal 
drying by the pressurized Yankee dryer, and 
a steam-heated or fuel-fired hood. After 
drying, the paper web is removed from the 
dryer. 

c) A Yankee dryer is typically manufactured in 
a range of outside diameters from eight to 
23 ft (2.4 m to 7 m), widths from eight to 28 
ft (2.4 m to 8.5 m), pressurized and heated 
with steam up to 1 60 psi (1 1 00 kPa), and 
rotated at speeds up to 7000 ft/min (2135 
m/min). Typical pressure roll loads against 
the Yankee dryer are up to 600 pounds per 
linear inch (105 kN/m). A thermal load 
results from the drying process due to dif- 



ference in temperature between internal 
and external shell surfaces. The dryer has 
an internal system to remove steam and 
condensate. These vessels can weigh up to 
220 tons (200 tonnes). 

d) The typical Yankee dryer is an assembly of 
several large castings. The shell is normally 
a gray iron casting, in accordance with 
ASME designation SA-278. Shells internally 
may be smooth bore or ribbed. Heads, 
center shafts, and journals may be gray cast 
iron, ductile cast iron, or steel. 



S1.2 



ASSESSMENT OF INSTALLATION 



a) The Inspector verifies that the owner or user 
is properly controlling the operating condi- 
tions of the dryer. The Inspector does this 
by reviewing the owner's comprehensive 
assessments of the complete installation. 

b) The dryer is subjected to a variety of loads 
over its I ife. Some of the loads exist individ- 
ually, while others are combined. Consid- 
erations of all the loads that can exist on a 
Yankee dryer are required to determine the 
maximum allowable operating parameters. 
There are four loads that combine during 
normal operation to create the maximum 
operating stresses, usually on the outside 
surface of the shell at the axial center line. 
These loads and the associated protection 
devices provided to limit these loads are: 

1) Pressure load due to internal steam 
pressure. Overpressure protection is 
provided by a safety relief valve; 

2) Inertial load due to dryer rotation. 
Over-speed protection is usually pro- 
vided by an alarm that indicates higher- 
than-allowable machine speed; 
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3) Thermal gradient load due to the drying 
of the web. Protection against unusual 
drying loads is usually provided by 
logic controls on the machine, primar- 
ily to detect a "sheet-off" condition that 
changes the thermal load on the shell 
exterior from being cooled by the tis- 
sue sheet to being heated by the hot air 
from the hood; 

4) Pressure roll load (line or nip load) 6 
due to pressing the wet web onto the 
dryer. Overload protection is usually 
provided by a control valve that limits 
the pneumatic or hydraulic forces on 
the roll loading arms such that the 
resultant nip load does not exceed the 
allowable operating nip load. 

c) Steam pressure, inertial, and thermal gra- 
dient loads impose steady-state stresses. 
These stresses typically change when the 
dryer shell thickness (effective thickness 
for ribbed dryers) is reduced to restore a 
paper-making surface, the grade of tissue is 
changed or speed of the dryer is changed. 

d) The pressure roll(s) load imposes an alter- 
nating stress on the shell face. The resulting 
maximum stress is dependent on the mag- 
nitude of the alternating and steady-state 
stresses. 

e) Section VIII, Div. 1, of the ASME Code 
only provides specific requirements for 
the analysis of pressure loads. Although 
the Code requires analysis of other loads, 
no specific guidance for thermal, inertial, 
or pressure roll loads is provided. Hence, 
additional criteria must be applied by the 



6 Pressure roll load, line load, and nip load are terms that 
are used interchangeably to refer to the interaction between 
the pressure roll(s) and the Yankee dryer. It is called "nip" load 
because the pressure roll is rubber-covered and is pressed up 
against the Yankee with enough force to create a nip (or pinch) 
that forces the paper into line contact between the rolls and 
provides some mechanical dewatering. The paper then sticks 
onto the Yankee surface and follows the Yankee dryer for ther- 
mal dewatering by the steam-heated Yankee surface. This "nip 
load" is called a "line load" because the units are load (force) 
per length of line contact. The units are pounds per linear inch 
(PLl) and kiloNewtons per meter (kN/m). 



manufacturer to account for all the steady- 
state and alternating stresses. 

f) To maintain product quality, the dryer sur- 
face is periodically refurbished by grinding. 
This results in shell thickness reduction. 
Therefore, the manufacturer does not 
provide a single set of maximum allow- 
able operating parameters relating steam 
pressure, rotational speed, and pressure 
roll load for a single design shell thickness. 
The manufacturer, or another qualified 
source acceptable to the Inspector, instead 
provides a series of curves that graphically 
defines these maximum allowable oper- 
ating parameters across a range of shell 
thicknesses. This document is known as the 
"De-rate Curve." (See Figure S1 .1 ). 

g) In addition to the loads on the Yankee 
dryer due to operation, other nonstandard 
load events can occur during shipment 
and installation into the paper machine. 
These nonstandard load events should be 
recorded in an incident log. Examples of 
nonstandard load events include: 

1 ) Damage to the protective packaging of 
the Yankee dryer during transport; 

2) Scratches, gouges, dents in the Yankee 
dryer shell during packaging removal or 
installation into the paper machine; 

3) Excessive heating of the Yankee dryer 
shell during the installation and testing 
of the hot air hood. If the hot air hood 
will be generating air that is hotter than 
the Yankee dryer shell material's Maxi- 
mum Allowable Working Temperature 
(MAWT), then temperature sensors 
should be installed to monitor and re- 
cord the Yankee dryer shell temperature 
during the hood testing; 

4) Impact load from improperly installed 
rolls, wires, nuts, dropped wrenches, 
etc., that may travel thru the pressure 
roll nip causing external impact loads 
on the Yankee dryer shell. 
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Figure S1 .1 A typical manufacturer's "De-rate Curve." 
NOTE: There are several safe operating pressures for a given shell thickness. 
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h) If nonstandard load events (incidents) have 
occurred during installation, then the In- 
spector should ensure that an appropriate 
assessment of the structural integrity of the 
Yankee dryer has been performed. For addi- 
tional details see Yankee dryer supplements 
in Part 2, Inspections and in Part 3, Repairs 
& Alterations. 



S1.3 DETERMINATION OF 

ALLOWABLE OPERATING 
PARAMETERS 

a) A Yankee dryer is designed and intended to 
have its shell thickness reduced over the life 
of the vessel through routine grinding and 
machining. The Yankee dryer shell is ground 
or machined on the outside surface to re- 
store the quality or shape of the papermak- 
ing surface essential to the manufacturing 
of tissue or other paper products. 
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b) Design documentation, called the "De- 
rate Curve," is required which dictates the 
maximum allowable operating parameters 
as shell thickness is reduced (see Figure 
S1 .1 ). Calculations, used to determine those 
parameters, are in accordance with ASME 
Code requirements for primary membrane 
stress by the vessel manufacturer or design 
criteria based on relevant stress categories, 
e.g., fatigue and maximum principal stress. 
Calculation of these parameters requires 
that the respective stresses, resulting from 
the imposed loads, be compared to the 
appropriate material strength properties. 
Hence, knowledge of the applied stresses in 
the shell and the tensile and fatigue proper- 
ties of the material are essential. 

c) Yankee dryers are subjected to a variety of 

loads that create several categories of stress. 
Yankee dryers are designed such that the 
stress of greatest concern occurs at the 
centerline of the shell. 



3) Thermal Load — The wet sheet, applied 
to the shell, causes the outside surface 
to cool and creates a thermal gradient 
through the shell wall. This thermal 
gradient results in the outside surface 
being in tension and the inside surface 
in compression. With this cooling, the 
average shell temperature is less than 
the head temperature, which creates 
bending stresses on the ends of the 
shell and in the heads. The ends of the 
shell are in tension on the outside and 
compression on the inside. 

a. Other thermal loadings also oc- 
cur on a Yankee dryer. The use of 
full width showers for a variety of 
papermaking purposes affects the 
shell similarto a wet sheet. The use 
of edge sprays produce high bend- 
ing stress in the ends of the shell 
due to the mechanical restraint of 
the heads. 



1) Steam Pressure Load — The internal 
steam pressure is one of the principal 
design loads applied to the Yankee 
dryer. The steam pressure expands the 
shell radially, causing a predominately 
circumferential membrane tensile 
stress. Because the shell is constrained 
radially by the heads at either end of the 
shell, the steam pressure also causes a 
primary bending stress in the vicinity of 
the head-to-shell joint. The ends of the 
shell are in tension on the inside and 
compression on the outside due to the 
steam pressure. The steam pressure also 
causes a bending stress in the heads. 

2) Inertia Load — The rotation of the 
Yankee dryer causes a circumferential 
membrane stress in the shell similar to 
that caused by the pressure load. This 
stress is included in the design of the 
shell and increases with dryer diameter 
and speed. 



b. Warm-up, cool-down, hot air im- 
pingement from the hood, moisture 
profiling devices, fire fighting, and 
wash-up can all produce non-uni- 
form thermal stresses in the pres- 
sure containing parts of the Yankee 
dryer. Heating or cooling different 
portions of the Yankee dryer at dif- 
ferent rates causes these non-uni- 
form stresses. 

4) Nip Load — The nip load from the 
contacting pressure roll(s), results in an 
alternating, high cycle, bending stress 
in the shell. This stress is greatest at 
the centerline of the shell. The load of 
the pressure roll deflects the shell radi- 
ally inward causing a circumferential 
compressive stress on the outside sur- 
face and a tensile stress on the inside. 
Because the shell has been deflected 
inward at the pressure roll nip, it bulges 
outward about 30 degrees on each side 
of the nip. The outward bulge causes a 
tensile stress on the outside shell sur- 



79 



NATIONAL BOARD INSPECTION CODE • PART 1 



INSTALLATION 



S1.4 



face at that location and a correspond- 
ing compressive stress on the inside. 
Since the shell is passing under the 
pressure roll, its surface is subjected to 
an alternating load every revolution. 



ASME CODE PRIMARY 
MEMBRANE STRESS CRITERIA 



a) Yankee dryers are typically designed and 
fabricated in accordance with Section VIII, 
Division 1, of the ASME Pressure Vessel 
Code. The maximum allowable stress for 
cast iron is specified in UCI-23 and UG-22 
of the ASME Code. 

b) Section VIII, Division 1, requires design 
stresses to be calculated such that any 
combination of loading expected to occur 
simultaneously during normal operation of 
the Yankee dryer will not result in a general 
primary stress exceeding the maximum 
allowable stress value of the material. In 
the ASME code, the combination of load- 
ing resulting in the primary membrane 
stress in the shell is interpreted to be only 
composed of the circumferential stress 
from steam pressure. Sometimes, the stress 
from the inertial loading is included in this 
consideration. 

c) In Section VIM, Division 1, it is very im- 
portant to note that no formulas are given 
for determining the stresses from thermal 
operating loads and pressure roll nip 
load(s). Hence, additional criteria need to 
be incorporated to establish the maximum 
allowable operating parameters of the Yan- 
kee dryer. Two such additional criteria are 
based upon the maximum principal and 
fatigue stress. 

1) Maximum Principal Stress Criteria 
The maximum principal stress in aYan- 
kee dryer shell is the sum of the stresses 
that are simultaneously applied to the 
shell, and is always aligned in the cir- 
cumferential direction. The purpose of 



these criteria is to recognize the paper 
making application of theYankee dryer 
and to prevent catastrophic failure by 
including all stresses. The ASME Code 
does not provide specific formulas 
for the full array of Yankee dryer shell 
stresses encountered in tissue making. 

2) Fatigue Stress Criteria 

Under normal operation, the stresses 
due to the steam pressure, inertial and 
thermal operating loads are considered 
to be steady-state stresses. When act- 
ing simultaneously, the sum of these 
stresses must be judged against the 
cyclic, or alternating, stress due to the 
pressure roll nip load. Fatigue stress 
criteria limit the alternating stress at a 
given mean stress using fatigue failure 
criteria described by the Goodman or 
Smith Diagram. The purpose of this 
limitation is to prevent crack initiation 
in the outside wall due to the combina- 
tion of stresses. As the thickness of the 
shell is reduced, one or more of these 
criteria will control the various operat- 
ing parameters. 



S1.5 



PRESSURE TESTING 



a) Water pressure testing in the field is not 
recommended because of the large size of 
Yankee dryers and the resulting combined 
weight of the Yankee dryer and the water 
used in the testing. This combined weight 
can lead to support structure overload. Sev- 
eral failures of Yankee dryers have occurred 
during field pressure testing using water. If 
this test must occur, the following review 
is recommended: 

1) The testing area should be evaluated for 
maximum allowable loading, assum- 
ing the weight of theYankee dryer, the 
weight of the water filling the Yankee 
dryer, and the weight of the support 
structure used to hold theYankee dryer 
during the test. 
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2) The manufacturer should be contacted 
to provide information on building the 
Yankee dryer support structure for the 
water pressure test. Typically, the Yan- 
kee dryer is supported on saddles that 
contact the Yankee dryer shell at each 
end near the head-to-shell joint. The 
manufacturer can provide information 
on saddle sizing and location so that 
the Yankee dryer is properly supported 
for the test. 

b) When pressure testing is desired to evalu- 
ate the Yankee dryer for fitness for service, 
an alternative to water pressure testing is 
acoustic emission testing using steam or air 
pressure. Typically, the test pressure used is 
the operating pressure. Caution needs to be 
exercised to insure personnel safety. Entry 
to the test area needs to be controlled and 
all personnel need to maintain a safe dis- 
tance from the Yankee dryer during the test. 
The steam or air test pressure should never 
exceed the Maximum Allowable Working 
Pressure (MAWP) of the Yankee dryer. 



Acoustic Emmission Testing can be used to 
locate and determine if a linear indication 
is active, e.g., propagating crack. Metal lo- 
graphic analysis is useful in differentiating 
between original casting discontinuities 
and cracks. 

c) When nondestructive testing produces an 
indication, the indication is subject to inter- 
pretation as false, relevant, or nonrelevant. 
If it has been interpreted as relevant, the 
necessary subsequent evaluation will result 
in a decision to accept, repair, replace, 
monitor, or adjust the maximum allowable 
operating parameters. 



S1.6 NONDESTRUCTIVE 

EXAMINATION 

a) Nondestructive examination (NDE) meth- 
ods should be implemented by individuals 
qualified and experienced with the material 
to be tested using written NDE procedures. 
For Yankee dryers, cast iron knowledge and 
experience are essential. 

b) Typical nondestructive examination meth- 
ods should be employed to determine 
indication length, depth, and orientation 
(sizing) of discontinuities in Yankee Dryers. 
Magnetic particle, specifically the wet fluo- 
rescent method, and dye penetrant methods 
are applicable in the evaluation of surface- 
breaking indications. Ultrasound testing 
is the standard method for evaluation of 
surface-breaking and embedded indica- 
tions. Radiographic methods are useful in 
the evaluation of embedded indications. 
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SUPPLEMENT 2 

SAFETY VALVES ON THE LOW- 
PRESSURE SIDE OF STEAM 
PRESSURE-REDUCING VALVES 



S2.1 



SCOPE 



a) The subject of protection of vessels in steam 
service connected to the low-pressure side 
of a steam-pressure-reducing valve is of 
considerable importance to proper opera- 
tion of auxiliary equipment such as pressure 
cookers, hot-water heating systems, etc., 
operating at pressures below that which the 
primary boiler generating unit is operating. 

b) To automatically reduce the primary boiler 
pressure for such processing equipment, 
pressure-reducing valves are used. The 
manufacturers of such equipment have 
data available listing the volume of flow 
through reducing valves manufactured by 
them, but such data are not compiled in a 
form that the results can be deduced read- 
ily. To protect the equipment operating on 
the low pressure side of a pressure-reducing 
valve, safety valves of a relieving capacity 
sufficient to prevent an unsafe pressure rise 
in case of failure of the pressure-reducing 
valve, should be installed. 

c) The pressure-reducing valve is a throttling 
device, the design of which is based on 
certain diaphragm pressures opposed by 
spring pressure which, in turn, controls the 
opening through the valve. If the spring, 
the diaphragm, or any part of the pres- 
sure-reducing valve fails, steam will flow 
directly through the valve and the low 
pressure equipment will be subjected to 
the boiler pressure. To protect the equip- 
ment operating on the low pressure side of 
the pressure-reducing valve, safety valve(s) 
should be installed on the low pressure side 
of the pressure-reducing valve, which will 
provide a relieving capacity sufficient to 



prevent the pressure from rising above the 
system design pressure. 

d) In most cases pressure-reducing valves used 
for the reduction of steam pressures have 
the same pipe size on the inlet and outlet. 
In case of failure of a pressure-reducing 
valve, the safety valve on the low-pressure 
side must have a capacity to take care of 
the volume of steam determined by the high 
pressure side and the area of the pipe. 



S2.2 



SAFETY VALVE CAPACITY 



a) The capacity of the safety valve(s) on the 
low-pressure side of the pressure-reducing 
valve should be based on the capacity of 
the pressure-reducing valve when wide 
open or under maximum flow conditions 
or the flow capacity through the bypass 
valve. 

b) By using the formula in S2.3 below, Inspec- 
tors may calculate the required relieving 
capacities of the safety valve(s) installed 
on the low-pressure side of the pressure- 
reducing valve. 

c) Usually a pressure-reducing valve has 
a bypass arrangement so that in case of 
failure of the pressure-reducing valve the 
boiler pressure may be short circuited 
into the low-pressure line without passing 
through the pressure-reducing valve. When 
determining the required relieving capacity 
of safety valves for the low-pressure side 
of the pressure-reducing valve, the steam 
flow through the bypass must be taken into 
consideration. 



S2.3 CALCULATION OF SAFETY 

VALVE RELIEVING CAPACITY 

a) When a pressure-reducing valve is in- 
stalled, there are two possibilities of intro- 
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ducing boiler pressure into the low-pressure 
system: 

1) the failure of the pressure-reducing 
valve so that it remains wide open; 
and 

2) the possibility of the bypass valve being 
open. 

b) It is necessary therefore, to determine the 
flow under both circumstances (a) and (b) 
and check that the size of the safety valve 
under either condition will be adequate. 
The following formula should be used: 

1) steam flow, W in Ibs/hr through the 
pressure-reducing valve 

W = AKC 

where, 

A = internal area in sq. in. of the inlet 

pipe size of the pressure-reducing 

valve (ref. 2.5) 

K = flow coefficient for the pressure- 
reducing valve (see 2.4) 

C = flow of saturated steam through a 1 
sq. in. pipe at various pressure dif- 
ferentials from Table S2.3-a, Table 
S2.3-b, or Table S2.3-C 

2) steam flow, W in Ibs/hr through the by- 
pass valve 

W = A 1 K, C 1 

where, 

A 1 = internal area in sq. in. of the pipe 
size of the bypass around the pres- 
sure-reducing valve 

K, = flow coefficient for the bypass 
valves (see 2.4) 

C 1 = flow of saturated steam through a 
1 sq. in. pipe at various pressure dif- 
ferentials from Table S2.3-a, Table 
S2.3-b, and Table S2.3-C. 



S2.4 STEAM FLOW WHEN FLOW 

COEFFICIENTS ARE NOT 
KNOWN 

a) It is possible that the flow coefficients K and 
K, may not be known and in such instances 
for approximating the flow, a factor of 1/3 
may be substituted for K and 1/2 for K r 

The formulas in S2.3 then becomes: 

W = 1/3 AC for the capacity through the 
pressure-reducing valve; and 

W = 1/2 A, C, for the capacity through the 
bypass valve. 

b) Caution should be exercised when substitut- 
ing these factors for the actual coefficients 
since this method will provide approximate 
values only and the capacities so obtained 
may in fact be lower than actual. It is rec- 
ommended that the actual flow coefficient 
be obtained from the pressure-reducing 
valve manufacturer and reference books 
be consulted for the flow coefficient of the 
bypass valve. 



S2.5 TWO-STAGE PRESSURE- 

REDUCING VALVE STATIONS 

The safety relief valve for two-stage pressure- 
reducing valve stations shall be sized on the 
basis of the high-side pressure and the inlet 
size of the first pressure-reducing valve in the 
line. If an intermediate pressure line is taken off 
between the pressure-reducing valves then this 
line and the final low side shall be protected 
by safety relief valves sized on the basis of the 
high-side pressure and the inlet size of the first 
pressure-reducing valve. See Table S2.5. 
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TABLE S2.3-a 












Capacity of Saturated Steam, in Ib./hr., per sq. in 


of Pipe Area 










Outlet 

pres., 

psi 


Pressure-reducing valve in 


et pressure, psi 










1500 1450 1400 1350 1300 1250 1200 


1150 1100 


1050 


1000 


950 


900 


1000 


76560 72970 69170 64950 60540 55570 49930 


43930 35230 


25500 








950 


77430 74180 70760 67000 63100 58770 53920 


48610 42380 


34890 


24910 






900 


77750 74810 71720 68340 64870 61040 56820 


52260 47050 


41050 


33490 


2.3960 




850 


77830 74950 72160 69130 66020 62610 58900 


54930 50480 


45470 


39660 


29080 


23190 


800 


75070 72330 69490 66700 63680 60390 


56910 53060 


48800 


43980 


38340 


31610 


750 


69610 66880 64270 61260 


58200 54840 


51170 


47080 


42420 


37110 


700 


66900 64270 61520 


58820 55870 


52670 


49170 


45230 


40860 


650 


61550 


58860 56260 


53480 


50440 


47070 


43400 


600 




58980 56270 


53660 


51020 


48470 


45010 


550 






53810 


51040 


48470 


45800 


500 












45850 


450 












45870 


400 














350 














300 














250 














200 














175 














150 














110 














100 














85 














75 














60 














50 














40 














.10 














25 
15 














ID 














Where 


capacities are not shown for inlet and outlet conditions, use the highest capacity shown under the 


applicable inlet pressure column. 













TABLE S2.3M-a 


























Capacity of Saturated Steam, 


in kg/hr., per sq. 


mm 


of Pipe Area 
















Outlet 

pres., 

MPa 








Pressure-reducing valve inlet pressure, MPa 
















10.25 


10.00 9.7 


5 9.50 


9.25 9.00 8.75 


8.50 


8.25 


8.00 


7.75 


7.50 


7.25 


7.00 


6.75 


6.50 


6.25 


6.75 


53.44 


51.68 49.82 47.85 


45.77 43.63 41.28 


38.73 


36.01 


33.09 


29.47 


25.37 


20.89 










6 50 


53.87 


52.2.3 50.52 48.69 


46.79 44.83 42.69 


40.40 


37.95 


35.30 


32.33 


29.02 


25.31 


20.46 








6.25 


54.07 


52.55 50.96 49.27 


47.51 45.71 43.75 


41.67 


39.46 


37.08 


34.46 


31.59 


28.43 


24.45 


19.36 






6.00 


54.15 


52.67 51.19 49.62 


47.99 46.33 44.53 


42.63 


40.62 


38.74 


36.12 


33.59 


30.83 


27.53 


. 23.13 


17,64 




5.75 


54.19 


52.74 51.? 


2 49.85 


48.33 45.80 45.14 


43.40 


41.56 


39.62 


37.51 


35.25 


32.82 


30.04 


26.20 


21.90 


18.76 


5.50 


54.20 


52,78 51.40 49.97 


48.53 47.11 45.60 


44.00 


42.32 


40.55 


38.56 


36.63 


34.48 


32.05 


29.37 


26.41 


23.01 


5.25 






50.00 


48.60 47.20 45.82 


44.35 


42.78 


41.17 


39.44 


37.62 


35.68 


33.52 


31.16 


28.59 


25.72 


5.00 






50.01 


48.62 47.23 45.89 


44.49 


43.02 


41.55 


39.98 


38.33 


36.57 


34.64 


32.56 


30.01 


27.84 


4.75 








47.24 


44.52 


43.13 


41.75 


40.31 


38.81 


37.22 


35.50 


33.64 


31.66 


29.51 


4.50 










44.53 


43.14 


41.77 


40.43 


39.08 


37.63 


36.07 


34.41 


32.65 


30.76 


4.25 












43.15 


41.82 


40.46 


39.10 


37.74 


36.33 


34.90 


33.39 


31.60 


4.00 














41.84 


40.48 


39.12 


37.82 


36.45 


35.12 


33.76 


32.15 


3.75 


















39.14 


37.88 


.36.48 


35.13 


33.81 


32.45 


3.50 




























32.47 


3.25 




























32.48 


3 00 






























Where 


capacit 


es are not 


shown for 


inlet and outlet conditions 


use the 


highest capac 


ity shown under the 


applies 


ble in 


et 


pressure colum 


n. 
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TABLE S2.3-b 














Capacity of Saturated Steam, 


n Ib./hr 


., per sq. in. of Pipe Area 




Outlet 
pres., - 
psi 










Pressure-reducing valve inlet pressure 


psi 




850 


BOO 


750 


700 


650 


600 550 500 


450 


400 350 300 250 


1000 


















950 


















900 


















850 


















800 


22550 
















750 


30600 


21800 














700 


35730 


29420 


21020 












650 


39200 


34250 


28260 


20190 










600 


41500 


37470 


12800 


27090 


1 9480 








550 


42840 


39850 


35730 


31310 


25940 


1 8620 






500 


43330 


40530 


37610 


33880 


29760 


24630 17720 






450 


43330 


40730 


38150 


35260 


31980 


28080 23290 16680 






400 




40760 


38220 


35680 


33050 


29980 26380 21870 


15760 




350 










33120 


30690 27910 24570 


20460 


14790 


300 










33240 


28140 25610 


22620 


18860 13630 


250 












28150 25650 


23200 


21000 17100 10800 


200 
















21350 18250 15350 10900 


175 
















18250 16000 126O0 


150 
















18250 16200 13400 


125 
















18780 13600 


110 
















1 3600 


100 
















1 3600 


85 
















1 3600 


75 
















13600 


60 
















1 3630 


50 


















40 


















30 


















25 

15 


















10 
5 


















Where 


capacities are not shown for inlet and outlet conditions, use the highest capacity shown under the 


applies 


ble inlet 


pressu 


re column. 











TABLE S2.3M-b 

Capacity of Saturated Steam, in kg/hr., per sq. mm of Pipe Area 



Outlet 

pres., 

MPa 



Pressure-reducing valve inlet pressure, MPa 



4.75 



4.30 



4.25 



4.00 



5.50 
5.25 
5.00 
4.75 
4.50 
4.25 
4.00 
3.75 
3.30 
3.25 
3.00 
2.75 
2.50 
2.25 
2.00 
1.75 
1.50 
1.25 
1.00 
1)3)0 
0.80 
0.70 
0.60 
0.50 
0.40 
0.30 



1 8.66 
22.24 
24.96 
27.06 
28.64 
29.71 
30.49 
30.99 
31.15 
31.18 
31.19 



17.17 
20.58 
22.83 
24.59 
25.92 
26.74 
27.10 
27.25 
27.28 



15.63 
19.18 

21.42 
22.87 
23.81 
24.40 
24.68 



15.75 
18.76 
20.68 
21.95 
22.82 
23.34 
23.37 
23.42 
23.46 



15.23 
1 7.93 
19.73 
20.98 
21.79 
22.05 
22.15 
22.17 



14.24 
17.12 
1 8.90 
20.09 
20.62 
20.83 
20.87 



13.72 
1 6.5 1 
18.19 
19.04 
19.45 
19.57 
19.58 



1.3.46 
15.90 
17.19 
1 7.94 



12.98 
14.94 
16.18 
16.85 
1 7.03 
17.05 



14.11 
15.26 
15.79 
15.90 
15.92 



1 1 .59 
13.48 
14.59 
14.84 
14.95 
14.96 
14.97 



10.95 
12.54 
12.12 
12.98 
13.44 
13.60 
13.66 



9.55 
10.46 
1 1 .75 
12.19 
12.30 
12.35 



8.75 
10.62 
1 1 .00 
1 1 .02 
1 1 .03 



Where capacities are not shown for inlet and outlet conditions, use the highest capacity shown under the applicable inlet pressure 
column. 
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TABLE S2.3-C 








Capacity of Saturated Steam, in Ib./hr., per sq. in. of Pipe Area 


Outlet 
pres., - 
psi 








Pressure-reducing valve inlet pressure, psi 


200 


175 


150 


125 100 85 75 60 50 40 30 25 


1000 










950 










900 










850 










800 










750 










700 










650 










600 










550 










500 










450 










400 










350 










300 










250 










200 










175 


72 50 








150 


9540 


6750 






125 


10800 


8780 


6220 




110 


1 1 000 


9460 


7420 


4550 


100 


1 1 000 


9760 


7970 


5630 


85 


11000 




8480 


5640 4070 


75 


1 1 000 






7050 4980 3150 


60 


1 1 000 






7200 5750 4540 3520 


50 


1 000 






5970 5000 4230 7680 


40 


1 1 000 






5140 4630 3480 2470 


30 


1 1 050 






3860 3140 2210 


25 








3340 2580 1485 


15 








2830 2320 1800 


10 
5 








2060 


Where 


capacities are not shown for inlet and outlet conditions, use the highest capacity shown 


under the applicable ir 


let pressure column. 


Metric 


equivalents will 


appeal 


in the 2005 Addendum. 



TABLE S2.3M-C 

Capacity of Saturated Steam, in kg/hr., per sq. mm of Pipe Area 



pres., 
kPa 



Pressure-reducing valve inlet pressure, kPa 



1500.00 1250.00 1000.00 900.00 1300.00 700.00 600.00 500.00 400.00 300.00 200.00 



1250.00 
1000.00 
900.00 
800.00 
700.00 
600.00 
500.00 

400.00 

300.00 

200.00 

1 00.00 

80.00 

60.00 

40.00 



7.78 
8.15 
8.34 
8.38 
8.38 
8.38 

8.38 
8.38 

8.4 I 



6.25 
6,77 
7.06 

7,08 



■1.29 
5.2 I 
5.65 
5.77 



4.22 
4.87 
5,19 



4.13 
4.22 



3.37 
3.66 
3.69 



3.0 
3.71 



2.62 
2.64 



1 .83 
2,12 



1,56 
1.58 

I ,60 



Where capacities are not shown for inlet and outlet conditions, use the highest 
capacity shown under the applicable inlet pressure column. 
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TABLE S2.5 
Pipe Data 


Nominal 
Pipe Size, 
Unit Less 
(ANSI 
B36.10) 


Nominal 
Pipe Size, 
Unit Less 
(ISO 
3607) 


Average 
Outside 
Diameter, 
in. 


Average 
Outside 
Diameter, 
mm 


Nominal Wall 
Thickness of 
Standard 
Weight Pipe, 
in. 


Nominal Wall 
Thickness of 
Standard 
Weight Pipe, 
mm 


Approx. 

Internal 
Area, 
sq. in. 


Approx. 
Internal 
Area, 
sq. mm 


NPS 3/8 


DN 10 


0.675 


9.53 


0.091 


2.311 


0.191 


124 


NPS 1/2 


DN 15 


0.840 


12.7 


0.109 


2.769 


0.304 


198 


NPS 3/4 


DN20 


1.050 


19.1 


0.113 


2.870 


0.533 


347 


NPS 1 


DN25 


1.315 


25.4 


0.133 


3.378 


0.864 


562 


NPS 1-1/4 


DN32 


1.660 


38.1 


0.140 


3.556 


1.50 


973 


NPS 1-1/2 


DN40 


1.900 


50.8 


0.145 


3.683 


2.04 


1324 


NPS 2 


DN 50 


2.375 


63.5 


0.154 


3.912 


3.36 


2182 


NPS 2-1/2 


DN65 


2.875 


76.2 


0.203 


5.516 


4.79 


3113 


NPS 3 


DN 80 


3.500 


88.9 


0.216 


5.486 


7.40 


4807 


NPS 3-1/2 


DN 90 


4.000 


114.3 


0.226 


5.740 


9.89 


6429 


NPS 4 


DN 100 


4.500 


136.5 


0.237 


6.020 


12.73 


8278 


NPS 5 


DN 125 


5.563 


141.3 


0.258 


6.553 


20.01 


13009 


NPS 6 


DN 150 


6.625 


168.3 


0.280 


7.112 


28.89 


18786 


NPS 8 


DN200 


8.625 


1219.1 


0.322 


8.179 


50.27 


32530 


NPS 10 


DN250 


10.750 


273.1 


0.365 


9.271 ■ 


78.85 


51275 


NPS 12 


DN300 


12.750 


323.8 


0.375 


9.525 


113.1 


73541 


Note: In applyin 
inlet size of the 


g these rules, t 
oressure-reduc 


ne area of the 
ng valve. 


Dipe is always 


based upon stanc 


ard weight pipe and the 
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PART 1, SECTION 7 
INSTALLATION — NBIC POLICY FOR METRICATION 



7.1 



GENERAL 



This policy provides guidance for the use of 
US customary units and metric units. Through- 
out the NBIC, metric units are identified and 
placed in parentheses after the US customary 
units referenced in the text and associated 
tables. For each repair or alteration performed, 
selection of units shall be based on the units 
used in the original code of construction. For 
example, items constructed using US custom- 
ary units shall be repaired or altered using US 
customary units. The same example applies to 
items constructed using metric units. Which- 
ever units are selected, those units are to be 
used consistently throughout each repair or 
alteration. Consistent use of units includes all 
aspects of work required for repairs or altera- 
tions (i.e. materials, design, procedures, testing, 
documentation, and stamping, etc.). 



7.2 



EQUIVALENT RATIONALE 



The rationale taken to convert metric units 
and US customary units involves knowing the 
difference between a soft conversion and a 
hard conversion. A soft conversion is an exact 
conversion. A hard conversion is simply per- 
forming a soft conversion and then rounding 
off within a range of intended precision. When 
values specified in the NBIC are intended to 
be approximate values, a hard conversion is 
provided. If an exact value is needed to main- 
tain safety or required based on using good 
engineering judgment, then a soft conversion 
will be used. In general, approximate accuracy 
is acceptable for most repairs or alterations 
performed using the requirements of the NBIC. 
Therefore, within the NBIC, metric equivalent 
units are primarily hard conversions. 



The following examples are provided for further 
clarification and understanding of soft conver- 
sions versus hard conversions: 

Example 1 : Using 1 in. = 25.4 mm; 
12 in. = 304.8 mm (soft conversion) 

Example 2: Using the above conversion, a hard 
conversion may be 300 mm or 305 mm de- 
pending on the degree of precision needed. 



7.3 PROCEDURE FOR 

CONVERSION 

The following guidelines shall be used to con- 
vert between US customary units and metric 
units within the text of the NBIC: 

a) All US customary units will be converted 
using a soft conversion. 

b) Soft conversion calculations will be re- 
viewed for accuracy. 

c) Based on specified value in the NBIC, an 
appropriate degree of precision shall be 
identified. 

d) Once the degree of precision is decided, 
rounding up or down may be applied to 
each soft conversion in order to obtain a 
hard conversion. 

e) Use of hard conversion units shall be used 
consistently throughout the NBIC wherever 
soft conversions are not required. 

Note: Care shall be taken to minimize 
percentage difference between units. 
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7.4 



REFERENCING TABLES 



The fol lowing tables are provided for guidance 
and convenience when converting between US 
customary units and metric units. See Tables 
7.4-1 through 7.4-8. 

Temperature shall be converted to within 1°C 
as shown in Table 7.4-2 



TABLE 7.4-1 

Soft Conversion Factors 

(US x Factor = Metric) 


US Customary 


Metric 


Factor 


in. 


mm 


25.4 


ft. 


m 


0.3048 


in. 2 


mm 2 


645.16 


ft. 2 


m 2 


0.09290304 


in. 3 


mm 3 


16,387.064 


ft. 3 


m 3 


0.02831685 


US gal. 


m 3 


0.003785412 


US gal. 


liters 


3.785412 


psi 


MPa 


0.0068948 


psi 


kPa 


6.894757 


ft-lb 


] 


1.355818 


°F 


°C 


5/9 x (°F-32) 


R 


K 


5/9 


Ibm 


kg 


0.4535924 


Ibf 


N 


4.448222 


in.-ib 


N-mm 


112.98484 


ft.-lb 


N-m 


1.3558181 


ksiVin 


MPaVm 


1 .0988434 


Btu/hr 


W 


0.2930711 


lb/ft 3 


kg/m 3 


16.018463 


in.-wc 


kPa 


0.249089 


Note: The actual pressure corresponding to the height 
of a vertical column of fluid depends on the local 
gravitational field and the density of the fluid, which 
in turn depends upon the temperature. This conver- 
sion factor is the conventional value adopted by ISO. 
The conversion assumes a standard gravitational field 
(g n - 9.80665 N/kg) and a density of water equal to 
1 ,000 kg/m 3 . 



Fractions of an inch shall be converted accord- 
ing to Table 7.4-3. Even increments of inches 
are in even multiples of 25 mm. For example, 
40 inches is equivalent to 1000 mm. Interme- 
diate values may be interpolated rather than 
converting and rounding to the nearest mm. 

For nominal pipe sizes, the following relation- 
ships were used as shown in Table 7.4-4. 

Areas in square inches (in 2 ) were converted 
to square mm (mm 2 ) and areas in square feet 
(ft 2 ) were converted to square meters (m 2 ). See 
examples in Tables 7.4-5a and 7.4-5b. 

Volumes in cubic inches (in. 3 ) were converted 
to cubic mm (mm 3 ) and volumes in cubic feet 
(ft 3 ) were converted to cubic meters (m 3 ). See 
examples in Tables 7.4-6a and 7.4-6b. 

Although the pressure should always be in MPa 
for calculations, there are cases where other 
units are used in the text. For example, kPa is 
used for small pressures. Also, rounding was to 
two significant figures. See examples in Table 
7.4-7. (Note that 1 4.7 psi converts to 1 01 kPa, 
while 15 psi converts to 100 kPa. While this 
may seem at first glance to be an anomaly, it is 
consistent with the rounding philosophy.) 

Material properties that are expressed in psi 
or ksi (e.g., allowable stress, yield and tensile 



TABLE 7.4-2 
Temperature Equivalents 


Temperature °F 


Temperature °C 


60 


16 


70 


21 


100 


38 


120 


49 


350 


177 


400 


204 


450 


232 


800 


427 


1150 


621 
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strength, elastic modulus) were generally con- 
verted to MPa to three significant figures. See 
example in Table 7.4-8. 

An often seen metric pressure rating is the ex- 
pression BAR, one BAR equals 14.5 psi — to 
convert psi rating to a BAR rating, multiply by 
0.069. 



TABLE 7.4-3 

US Fractions/Metric Equivalents 


Inches 


Millimeters 


1/32 


0.8 


3/64 


1.2 


1/16 


1.5 


3/32 


2.5 


1/8 


3 


5/32 


4 


3/16 


5 


7/32 


5.5 


1/4 


6 


5/16 


8 


3/8 


10 


7/16 


11 


1/2 


13 


9/16 


14 


5/8 


16 


11/16 


17 


3/4 


19 


7/8 


22 


1 


25 





TABLE 7.4-4 

Pipe Sizes/Equivalents 


US Customary 
Practice 


Metric Practice 


NPS 1/8 


DN6 


NPS 1/4 


DN8 


NPS 3/8 


DN 10 


NPS 1/2 


DN 15 


NPS 3/4 


DN20 


NPS1 


DN25 


NPS 1-1/4 


DN32 


NPS 1-1/2 


DN 40 


NPS 2 


DN 50 


NPS 2-1/2 


DN65 


NPS 3 


DN80 


NPS 3-1/2 


DN90 


NPS 4 


DN 100 


NPS 5 


DN 125 


NPS 6 


DN 150 


NPS 8 


DN200 


NPS 10 


DN250 


NPS 12 


DN300 


NPS 14 


DN350 


NPS 16 


DN400 


NPS 18 


DN450 


NPS 20 


DN 500 


NPS 22 


DN550 


NPS 24 


DN 600 


NPS 26 


DN650 


NPS 28 


DN700 


NPS 30 


DN 750 


NPS 32 


DN 800 


NPS 34 


DN 850 


NPS 36 


DN 900 


NPS 38 


DN 950 


NPS 40 


DN 1000 


NPS 42 


DN 1050 


NPS 44 


DN 1100 


NPS 46 


DN 1150 


NPS 48 


DN 1200 


NPS 50 


DN 1250 


NPS 52 


DN 1300 


NPS 54 


DN 1350 


NPS 56 


DN 1400 


NPS 58 


DN 1450 


NPS 60 


DN 1500 
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Table 7.4-5a 



Area (US Customary) 


Area (Metric) 


3 in 2 


650 mm 2 


6 in 2 


3,900 mm 2 


10 in 2 


6,500 mm 2 



Table 7.4-5b 



Table 7.4-6a 



Table 7.4-6b 



Area (US Customary) 


Area (Metric) 


5 ft 2 


0.46 mm 2 



Area (US Customary) 


Area (Metric) 


1 in 3 


16,000 mm 3 


6 in 3 


96,000 mm 3 


10 in 3 


1 60,000 mm 3 



Area (US Customary) 


Area (Metric) 


5 ft 3 


0.14 m 3 



TABLE 7.4-7 
Pressure/Equivalents 


Pressure (US Customary) 


Pressure (Metric) 


0.5 psi 


3 kPa 


2 psi 


1 5 kPa 


3 psi 


20 kPa 


10 psi 


70kPa 


15 psi 


1 00 kPa 


30 psi 


200 kPa 


50 psi 


350 kPa 


100 psi 


700 kPa 


150 psi 


1 .03 MPa 


200 psi 


1 .38 MPa 


250 psi 


1 .72 MPa 


300 psi 


2.10 MPa 


350 psi 


2.40 MPa 


400 psi 


2.76 MPa 


500 psi 


3.45 MPa 


600 psi 


4.14 MPa 


1,200 psi 


8.27 MPa 


1,500 psi 


10.34 MPa 






Table 7.4-8 


Strength (US Customary) 


Strength (Metric) 


95,000 psi 


655 MPa 
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PART 1, SECTION 8 

INSTALLATION — PREPARATION OF TECHNICAL INQUIRIES TO 

THE NATIONAL BOARD INSPECTION CODE COMMITTEE 



8.1 INTRODUCTION 

The NBIC Committee meets regularly to con- 
sider written requests for interpretations and 
revisions to the Code rules. This section pro- 
vides guidance to Code users for submitting 
technical inquiries to the Committee. Technical 
inquires include requests for additions to the 
Code rules and requests for Code Interpreta- 
tions, as described below. 

a) Code Revisions 

Code revisions are considered to accommo- 
date technological developments, address 
administrative requirements, or to clarify 
Code intent. 

b) Code Interpretations 

Code Interpretations provide clarification of 
the meaning of existing rules in the Code, 
and are also presented in question and re- 
ply format. Interpretations do not introduce 
new requirements. In cases where existing 
Code text does not fully convey the mean- 
ing that was intended, and revision of the 
rules is required to support an Interpreta- 
tion, an intent Interpretation will be issued 
and the Code will be revised. As a matter of 
published policy, the National Board does 
not approve, certify, or endorse any item, 
construction, propriety device or activity 
and, accordingly, inquiries requiring such 
consideration will be returned. Moreover, 
the National Board does not act as a con- 
sultant on specific engineering problems or 
on the general application or understanding 
of the Code rules. 

Inquiries that do not comply with the provi- 
sions of this Section or that do not provide 
sufficient information for the Committee's 



full understanding may result in the request 
being returned to the inquirer with no ac- 
tion. 



8.2 INQUIRY FORMAT 

Inquiries submitted to the Committee shall 
include: 

a) Purpose 

Specify one of the following: 

1 ) revision of present Code rules; 

2) new or additional Code rules; or 

3) Code Interpretation. 

b) Background 

Provide concisely the information needed 
for the Committee's understanding of the 
inquiry, being sure to include reference 
to the applicable Code Edition, Addenda, 
paragraphs, figures, and tables. Preferably, 
provide a copy of the specific referenced 
portions of the Code. 

c) Presentations 

The inquirer may attend a meeting of the 
Committee to make a formal presentation 
or to answer questions from the Committee 
members with regard to the inquiry. Atten- 
dance at a Committee meeting shall be at 
the expense of the inquirer. The inquirer's 
attendance or lack of attendance at a meet- 
ing shall not be a basis for acceptance or 
rejection of the inquiry by the Committee. 
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8.3 CODE REVISIONS OR 

ADDITIONS 

Request for Code revisions or additions shall 
provide the following: 

a) Proposed Revisions or Additions 

For revisions, identify the rules of the Code 
that require revision and submit a copy 
of the appropriate rules as they appear in 
the Code, marked up with the proposed 
revision. For additions, provide the recom- 
mended wording referenced to the existing 
Code rules. 

b) Statement of Need 

Provide a brief explanation of the need for 
the revision or addition. 

c) Background Information 

Provide background information to support 
the revision or addition, including any data 
or changes in technology that form the basis 
for the request that will allow the Commit- 
tee to adequately evaluate the proposed 
revision or addition. Sketches, tables, fig- 
ures, and graphs should be submitted as 
appropriate. When applicable, identify any 
pertinent paragraph in the Code that would 
be affected by the revision or addition and 
identify paragraphs in the Code that refer- 
ence the paragraphs that are to be revised 
or added. 



8.4 CODE INTERPRETATIONS 

Requests for Code Interpretations shall provide 
the following: 

a) Inquiry 

Provide a condensed and precise question, 
omitting superfluous background informa- 
tion and, when possible, composed in such 
a way that a "yes" or a "no" reply, with brief 
provisos if needed, is acceptable. The ques- 
tion should be technically and editorially 
correct. 



b) Reply 

Provide a proposed reply that will clearly 
and concisely answer the inquiry question. 
Preferably the reply should be "yes" or "no" 
with brief provisos, if needed. 

c) Background Information 

Provide any background information that 
will assist the Committee in understanding 
the proposed Inquiry and Reply Requests 
for Code Interpretations must be limited to 
an interpretation of the particular require- 
ment in the Code. The Committee cannot 
consider consulting type requests such as: 

1 ) A review of calculations, design draw- 
ings, welding qualifications, or descrip- 
tions of equipment or Parts to determine 
compliance with Code requirements; 

2) A request for assistance in performing 
any Code-prescribed functions relating 
to, but not limited to, material selec- 
tion, designs, calculations, fabrication, 
inspection, pressure testing, or installa- 
tion; 

3) A request seeking the rationale for Code 
requirements. 



8.5 SUBMITTALS 

Submittals to and responses from the Commit- 
tee shall meet the following: 

a) Submittal 

Inquiries from Code users shall be in English 
and preferably be submitted in typewritten 
form; however, legible handwritten inqui- 
ries will be considered. They shall include 
the name, address, telephone number, fax 
number, and email address, if available, of 
the inquirer and be mailed to the following 
address: 

Secretary, NBIC Committee 

The National Board of Boiler and 

Pressure Vessel Inspectors 
1 055 Crupper Avenue 
Columbus, OH 43229 
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As an alternative, inquiries may be submit- 
ted via fax or email to: 

Secretary NBIC Committee 

Fax: 614.847.1828 

Email: NBICinquiry@nationalboard. org 

b) Response 

The Secretary of the NBIC Committee shall 
acknowledge receipt of each properly pre- 
pared inquiry and shall provide a written 
response to the Inquirer upon completion 
of the requested action by the NBIC Com- 
mittee. 
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PART 1, SECTION 9 
INSTALLATION — GLOSSARY OF TERMS 



9.1 



DEFINITIONS 



For the purpose of applying the rules of the 
NBIC, the following terms and definitions shall 
be used herein as applicable to each Part: 

Additional terms and definitions specific to 
DOT Transport Tanks are defined in Part 2, 

Supplement 6. 

Accumulator — A vessel in which the test 
medium is stored or accumulated prior to its 
use for testing. 

Alteration — Any change in the item described 
on the original Manufacturer's Data Report that 
affects the pressure containing capability of the 
pressure-retaining item. Nonphysical changes 
such as an increase in the maximum allowable 
working pressure (internal or external), increase 
in design temperature, or a reduction in mini- 
mum temperature of a pressure-retaining item 
shall be considered an alteration. 

ANSI — The American National Standards 
Institute 

ASME Code — The American Society of Me- 
chanical Engineers' Boiler and Pressure Vessel 
Code published by that Society, including 
addenda and Code Cases, approved by the 
associated ASME Board. 

Assembler — An organization who purchases 
or receives from a manufacturer the necessary 
component parts of valves and assembles, 
adjusts, tests, seals, and ships safety or safety 
relief valves at a geographical location, and 
using facilities other than those used by the 
manufacturer. 



National Board meeting the qualification 
and duties of NB-360, Criteria for Accep- 
tance of Authorized Inspection Agencies 
for New Construction. 

Inservice: An Authorized Inspection Agency 
is either: 

a) a jurisdictional authority as defined in 
the National Board Constitution; or 

b) an entity that is accredited by the Na- 
tional Board meeting NB 369, Quali- 
fications and Duties for Authorized 
Inspection Agencies Performing Inser- 
vice Inspection Activities and Quali- 
fications for Inspectors of Boilers and 
Pressure Vessels; NB-371 , Accreditation 
of Owner-User Inspection Organiza- 
tions (OUIO) or NB-390, For Federal 
Inspection Agencies (FIAs) Performing 
Inservice Inspection Activities. 

Capacity Certification — The verification by the 
National Board that a particular valve design or 
model has successfully completed all capacity 
testing as required by the ASME Code. 

Chimney or Stack — A device or means for 
providing the venting or escape of combustion 
gases from the operating unit. 

Conversion — 

Pressure Relief Devices: The change of a pres- 
sure relief valve from one capacity-certified 
configuration to another by use of manufac- 
turer's instructions. 

Units of Measure: Changing the numeric value 
of a parameter from one system of units to 
another. 



Authorized Inspection Agency — 

New Construction: An Authorized Inspec- 
tion Agency is one that is accredited by the 



Demonstration — A program of making evident 
by illustration, explanation, and completion of 
tasks documenting evaluation of an applicant's 
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ability to perform code activities, including the 
adequacy of the applicant's quality program, 
and by a review of the implementation of that 
program at the address of record and/or work 
location. 

Dutchman — General ly limited to tube or pipe 
cross-section replacement. The work necessary 
to remove a compromised section of material 
and replace the section with material meet- 
ing the service requirements and installation 
procedures acceptable to the Inspector. Also 
recognized as piecing. 

Examination — In process work denoting the 
act of performing or completing a task of inter- 
rogation of compliance. Visual observations, 
radiography, liquid penetrant, magnetic par- 
ticle, and ultrasonic methods are recognized 
examples of examination techniques. 

Exit — A doorway, hallway, or similar passage 
that will allow free, normally upright unencum- 
bered egress from an area. 

Field — A temporary location, under the control 
of the Certificate Holder, that is used for repairs 
and/or alterations to pressure-retaining items at 
an address different from that shown on the Cer- 
tificate Holder's Certificate of Authorization. 

Forced-Flow Steam Generator — A steam gen-, 
erator with no fixed steamline and waterline. 

Inspection — A process of review to assure 
engineering design, materials, assembly, ex- 
amination and testing requirements have been 
met and are compliant with the Code. 

Inspector — See National Board Commis- 
sioned Inspector and National Board Owner- 
User Commissioned Inspector. 

Intervening — Coming between or inserted 
between, as between the test vessel and the 
valve being tested. 



Jurisdiction — A governmental entity with 
the power, right, or authority to interpret and 
enforce law, rules, or ordinances pertaining 
to boilers, pressure vessels, or other pressure- 
retaining items. It includes National Board 
member jurisdictions defined as "jurisdictional 
authorities". 

Jurisdictional Authority — A member of the 
National Board, as defined in the National 
Board Constitution. 

Lift Assist Device — A device used to apply an 
auxiliary load to a pressure relief valve stem or 
spindle, used to determine the valve set pres- 
sure as an alternative to a full pressure test. 

Manufacturer's Documentation — The docu- 
mentation that includes technical information 
and certification required by the original code 
of construction. 

NBIC — The National Board Inspection Code 
published by The National Board of Boiler and 
Pressure Vessel Inspectors. 

"NR" Certificate Holder — An organization in 
possession of a valid "NR" Certificate of Autho- 
rization issued by the National Board. 

National Board — The National Board of Boiler 
and Pressure Vessel Inspectors. 

National Board Commissioned Inspector — An 

individual who holds a valid and current Na- 
tional Board Commission. 

Nuclear Items — Items constructed in accor- 
dance with recognized standards to be used 
in nuclear power plants or fuel processing 
facilities. 

Original Code of Construction — Documents 
promulgated by recognized national standards 
writing bodies that contain technical require- 
ments for construction of pressure-retaining 
items or equivalent to which the pressure- 
retaining item was certified by the original 
manufacturer. 
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Owner or User — As referenced in lower case 
letters means any person, firm or corporation 
legal ly responsible for the safe operation of any 
pressure-retaining item. 

Owner-User inspection Organization — An 
owner or user of pressure-retaining items that 
maintains an established inspection program, 
whose organization and inspection procedures 
meet the requirements of the National Board 
rules and are acceptable to the jurisdiction or 
jurisdictional authority wherein the owner or 
user is located. 

Owner-User Inspector — An individual who 
holds a valid and current National Board 
Owner-User Commission. 

Piecing — A repair method used to remove 
and replace a portion of piping or tubing ma- 
terial with a suitable material and installation 
procedure. 

Pressure-Retaining Items (PRI) — Any boiler, 
pressure vessel, piping, or material used for 
the containment of pressure, either internal or 
external. The pressure may be obtained from 
an external source, or by the application of 
heat from a direct source, or any combination 
thereof. 



Re-rating — See alteration. 

"R" Certificate Holder — An organization in 
possession of a valid "R" Certificate of Autho- 
rization issued by the National Board. 

Safety Relief Valves — A safety relief valve is 
a pressure relief valve characterized by rapid 
opening or pop action, or by opening in propor- 
tion to the increase in pressure over the opening 
pressure, depending on application. 

Settings — Those components and accessories 
required to provide support for the component 
during operation and during any related main- 
tenance activity. 

Shop — A permanent location, the address that 
is shown on the Certificate of Authorization, 
from which a Certificate Holder controls the 
repair and/or alteration of pressure-retaining 
items. 

Testing Laboratory — National Board accepted 
laboratory that performs functional and capac- 
ity tests of pressure relief devices. 

Transient — An occurrence that is maintained 
only for a short interval as opposed to a steady 
state condition. 



Pressure Test — Prior to initial operation, the 
completed boiler, including pressure piping, 
water columns, superheaters, economizers, 
stop valves, etc., shall be pressure tested in a 
test performed in accordance with the original 
code of construction prior to initial operation 
of an installed unit that is witnessed by an 
Inspector. 

Repair — The work necessary to restore pres- 
sure-retaining items to a safe and satisfactory 
operating condition. 

Re-ending — A method used to join original 
code of construction piping or tubing with 
replacement piping or tubing material for the 
purpose of restoring a required dimension, 
configuration or pressure-retaining capacity. 



Velocity Distortion — The pressure decrease 
that occurs when fluid flows past the opening 
of a pressure sensing line. This is a distortion 
of the pressure that would be measured under 
the same conditions for a non or slowly mov- 
ing fluid. 

"VR" Certificate Holder — An organization in 
possession of a valid "VR" Certificate of Autho- 
rization issued by the National Board. 

Water Head — The pressure adjustment that 
must be taken into account due to the weight 
of test media (in this case, water) that is 0.433 
psi per vertical ft. (10 kPa per m.) added (sub- 
tracted) from the gage pressure for each foot 
the gage is below (above) the point at which 
the pressure is to be measured. 
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PART 1, SECTION 10 

INSTALLATION — NBIC APPROVED INTERPRETATIONS 



10.1 



SCOPE 



This section provides all approved interpre- 
tations for this edition and all subsequent 
addenda associated with this edition. A 
complete listed index is provided for refer- 
ence to previously approved interpretations. 
These previously approved interpretations 
can be found on the National Board Web 
site. 



b) Each interpretation references the edition 
and addenda applicable at the time of 
committee response and approval. Use of 
interpretations for other than approved edi- 
tion and addenda may not be appropriate 
for reference. 



10.2 



INDEX OF INTERPRETATIONS 



Foreword 95-20 

Code Cases 1923 98-24 

98-56 
1945 98-24 

98-56 

2203 98-12 

Procedure for Obtaining or Renewing a National Board 

Certificate of Authorization 98-21 

Outline of Requirements for a Quality System 

for Qualification for the National Board "R" Symbol Stamp 98-13 

General Rules 04-02 

Condition of Use 98-02 

Nameplate Contents 98-25 

98-26 
95-26 

Use of Owner-User Personnel During Repairs 01-12 

Test Medium and Testing Equipment 98-1 7 

Procedure for Obtaining or Renewing a National Board 

"NR" Certificate of Authorization 98-07 

98-41 

Interface with the Owner's Repair/Replacement Program 04-16 

Prerequisites for Accreditation 98-16 

General Conditions 98-1 1 

Pressure Testing 95-38 

Inspection Interval 98-19 

Conditions that Affect Remaining Life Evaluation 01-26 

98-03 
95-57 

Operational Inspection 95-55 

Inspection of Parts and Appurtenances 98-09 
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Restamping or Replacement of Nameplates 98-35 

95-47 

Replacement of Stamped Data 01-13 

General Requirements 04-14 

95-19 

Scope 98-22 

Construction Standard 95-36 

95-48 
04-1 3 

Accreditation 04-13 

Materials 01-28 

Replacement Parts 04-05 

04-06 
04-11 
04-12 
98-14 
98-27 
98-28 
98-37 
95-48 

Welding 01-27 

98-06 
95-51 

Nondestructive Examination 04-06 

01-24 
98-10 
95-41 

Acceptance Inspection 04-21 

04-22 

Routine Repairs 04-09 

04-10 
01-19 
01-20 
01-22 
01-23 
98-01 
98-04 
98-18 
98-31 
98-42 
95-27 
95-28 
95-31 
95-33 
95-53 

Examination and Test 04-05 

04-06 
04-11 
98-27 
98-33 
98-36 
95-27 
95-32 
95-39 
95-54 
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Methods .......04-06 

04-11 

04-20 

01-15 
Documentation ..........01-29 

95-50 
Repair Plan 01-14 

Alterations to ASME Section VIII, Div. 2 .........04^4 

01-16 

Des 'g n 98-14 

95-22 

04-13 
Calculations 01-1 7 

Re-Rating "!".'".'""""".' 04-03 

04-04 
, 01-11 
98-14 
98-15 
98-20 
98-32 

Examination and Test .......98-1 5 

98-34 

98-38 
Methods 04-20 

Documentation ...01-25 

95-50 
Repair Methods 04-01 

Sco P e 98-06 

Welding Method 1 04-12 

Scope 04-17 

04-19 
98-08 

Wasted Areas ,,.....98-42 

Re-Ending or Piecing Pipes or Tubes 98-36 

Patches 04-15 

95-52 

Stays 98 .40 

Re-Rating 04-18 

Replacement Parts 04-07 

04-08 

Stamping and Nameplate Information 95-24 

Glossary of Terms 04-13 

95-21 
95-29 
95-34 
95-43 
95-45 
National Board Forms 98-39 

95-25 
95-30 
95-40 
95-42 
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Examples of Repairs and Alterations 01-21 

98-23 
98-29 
98-30 
95-44 
95-46 
95-48 
95-49 

Repairs 01-18 



1 D7 



NATIONAL BOARD INSPECTION CODE • PART 1 — INSTALLATION 



10.3 SUBJECT INDEX OF INTERPRETATIONS 

Acceptance Inspection 04-13 

04-21 
04-22 

Alteration Requirements 04-14 

Alterations to ASME Section VIII, Div. 2 01-16 

Alternatives to PWHT 98-06 

Attachments 98-01 

Blisters, Repair of 98-09 

Calculations 01-17 

Construction Standards 04-13 

Deaerators, Inspection of 98-09 

Defect Repairs 04-1 7 

04-19 

Definition of Repair 98-23 

98-29 
98-30 
95-43 
95-45 
95-46 
95-49 

Definition of Alteration 95-21 

95-36 
95-44 
95-45 

Definition of Inspector 95-29 

Definition of Non-Load Bearing 95-33 

Demonstration Requirements 98-41 

De-Rating 98-20 

Design ~ 04-13 

Deterioration 01-26 

Documentation 01-25 

95-50 

Examination and Test 04-05 

04-06 
04-11 
04-20 

Examples of Repairs and Alterations 01-21 

General Rules 04-02 

04-14 

Inspection Interval 98-19 

95-57 

Joint Review Demonstration Requirements 98-21 

Material Thickness 98-36 

Materials 01-28 

MTR 98-37 

Nameplates 95-24 

Non^U" Stamped Vessels 95-23 

Nondestructive Examination 04-06 

01-24 
98-10 

Nuclear Components 98-07 

Original Code of Construction 95-1 9 
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Out-of-Service 98 " 03 

Owner-User Inspection 98 -1 1 

98-16 

Owner's Repair/Replacement Program 04-16 

Patches 04 ~ 15 

Piping 98 ' 22 

Pressure Relief Valves 98-02 

98-13 

98-17 
98-24 
98-25 
98-26 
95-26 
95-55 
95-56 

Pressure Testing 98-15 

b 98-27 

98-33 
98-34 
98-38 
95-27 
95-32 
95-39 
95-38 

Pressure Testing Repairs 01-15 

Qualification of Welders/Welding Procedures 95-51 

Quality System Manual 98-13 

"R" Forms 98 " 39 

95-27 

95-28 
95-30 
95-40 
95-42 
95-48 
95-50 

Repair Definition 04-13 

Repair Methods 04 -° 1 

Repairs 01-18 

Repair Plan 01-14 

Reclassification 95-22 

Replacement Nameplates 98-35 

95-47 

Replacement Parts 04-05 

04-06 
04-07 
04-08 
04-11 
04-12 
98-14 
98-27 
98-28 
01-29 

Replacement of Stamped Data 01-13 

Re-Rating 04 -° 3 

04-04 
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04-18 

01-11 

98-14 

98-15 

98-32 

Routine Repairs 04-09 

04-10 

01-19 

01-20 

01-22 

01-23 

98-01 

98-04 

98-18 

98-31 

98-42 

95-25 

95-27 

95-28 

95-31 

95-53 

95-54 

Sta Y s 95-40 

Timing of Repairs 98-05 

95-41 

Use of Editions/Addenda 95-20 

Use of Owner/User Personnel During Repairs 01-12 

Welding 01-27 

Welding Methods .....04-06 

04-12 

Window Patch 95-52 
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Addenda — 

Part 1, Part 2, and Part 3 (Introduction) 

Additional Requirements for Alterations — 
Part 3 (S4.17) 

Additional Requirements for Repairs — 
Part 3 (S4.16) 

Administrative Requirements — 

Part 3 (Section 1 ) 

Administrative Procedures 

"R'7"VR'7"NR" — 
Part 3 (1.6), (1.7), (1 .8), (S9.2) 

Acceptance Criteria — 
Part 2 (S.7.8) 

Acceptance Inspection — 
Part I (2.10), (2.10.5), (3.10), (4.6); Part 2 
(S7.8); Part 3 (1 .3.2), (S4.14), (S6.13) 

Accreditation — 

Part 3 (1 .5), (1 .6), (1 .7), (1 .8), (S2.6),(S6.3) 
Acoustic Emission — 
Part 2 (4.2.8); Part 3 (S4.13) 
Programs — 
Part 1 , Part 2, and Part 3 (Introduction) 

Adjustments, 
Alteration — 

Part 1 and Part 2 (Section 9); Part 3 (3.4), 

(3.4.4), (S3.4), (S4.17), (S5.7), (Section 9) 

Authorization of OwnerUsers — 

Part 3 (S7.10) 

Pressure Relief Valves — 

Part 3 (S7.2), (S7.6) 

Alternatives, 

Marking, Stamping — 
Part 3 (5.10) 

Nondestructive Examination — 
Parti (2.10.3), (S1 .6); Part 3 (4.2) 
Postweld Heat Treatment — 
Part 3 (2.5.3), (S6.9.3) 
Verification Testing — 
Part 3 (1.7.5.5) 



Allowable Stress Values — 

Part 3 (3.4.2) 

ASME Code, 

Replacement Parts — 

Part 3 (3.2.2) 

Section VSII Division 2 and 3 — 

Part 3 (3.3.5), (3.4.4) 

Application of NBIC — 
Part 1, Part 2, and Part 3 (Edition including 
Addendum), (Foreword), (Introduction) 

Appurtenances — 

Part 1 (2.4.4), (2.5.3), (2.10.1), (3.3.4), (3.5.3), 
(4.6), (5.2.2), (5.2.5), (5.2.7); Part 2 
(1.5.2), (2.2.10), (S2.9), (2.3.5), (S6.16) 

Assembler — 

Part 1 , Part 2, and Part 3 (Section 9); Part 3 

(S7.5), (S7.6) 

Damage Mechanisms — 

Part 2 (3.1 .b) (4.4.6) 

Audit — 

Part 3 (1 .8.5.1 (q)), (S7.8) 

American National Standards Institute 
(ANSI) — 

Part 1, Part 2, and Part 3 (Title Page), 
(Section 9) 

American Petroleum Institute (API) — 



Annual Review, "VR" — 
Part 3 (S7.11.4) 

Arch Tube — 

Part 2 (SI .4.2.1 7); Part 3 (SI .2.9.2) 

Ash Removal — 
Parti (2.6.2), (3.6.2) 

Authorization — 

Part 2 (5.2.1), (S6.4.6 a) 2)), (S6.5.1); 
Part 3 (1.3.1) 

Authorized Nuclear Inspector — 
Part 3 (1 .8.5.1 (r)) 
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Boilers — 

Part 2 (2.2), (2.5.5.1) 
Black Liquor — 

Part 2 (2.2.12.2) 

Cast Iron — 

Part 2 (2.2.12.5) 

Electric — 

Part 2 (2.2.12.6) 

Fired Coi! Water Heaters — 

Part 2 (2.2.12.7) 

Fired Storage Water Heaters — 

Part 2 (2.2.12.8) 

Firetube — 

Part 2 (2.2.12.9) 

Historical — 

Part 2 (Supplement 2); Part 3 

(Supplement 2); 

Locomotive — 

Part 2 and 3 (Supplement 1 ) 

Modular — 

Parti (3.7.8) 

Thermal Fluid Heaters — 

Part 2 (2.2.12.3) 

Waste Heat — 

Part 2 (2.2.12.4) 

Watertube — 

Part 2 (2.2.12.1) 

Boiler Inspection Guideline (Historical) 
Part 2 (S2.11) 

Boiler Installation, 

Heating/Potable Water Heaters — 

Part 1 (Section 3) 

Power Boilers — 

Part 1 (1 .4.5), (Section 2) 

Report — 

Parti (1.4.5), (2.10.6), (3.10.3) 

Steam Heating — 

Part 1 (Section 3) 

Boiler Operators (Historical) — 
Part 2 (S2.4.3) 

Boiler Repair — 

Part 3 (3.3.4.2), (3.3.4.3), (Supplement 1 ) 
(Supplement 2) 



Boiler Relief Devices — 
Part 2 (2.5.5.1) 

Boiler Room Requirements — 

Part 1 (2.4), (3.4) 

Bonding — 

Part 3 (S4.10) 

Blowoff — 

Parti (2.7.5), (3.7.7); Part 2 (2.2.6 a)1), 
(5.3.4) 

Braces — 

Part 2 (S1 .4.2.6), (S1.4.2.14), (S2.1 1.6)k)); 
Part 3 (S 1.2.6) 

Brittle Fracture — 

Part 2 ((3.4.4 a), (4.4.8.2 

Bulges and Blisters — 

Part 2 (2.2.8 j), (2.3.3 e) 5), (2.3.6.2), 

(2.3.6.4),(3.4.7), (4.4.8.3), (S7.8.3); Part 3 

(3.3.4.2) 

Burners and Stokers — 

Parti (2.7.2), (3.7.3); Part 2 (2.2.12), (S1.5.4), 
(S2.13.2) 



Calculations — 

Parti (7.3), (8.3); Part 2 (4.45), (S2.10.1), 
(S2.6.2), (Form C1) (7.3), (S5.2.1); Part 
3(3.2.4), (3.2.5), (3.4.1), (3.4.2), (7.3), 
(S1.1.4), (S4.6), (S4.16.3), (S4.17.4), 
(S4.17.5), (S4.18.2.3XS.5.6.1), (S.5.6.2), 
(S6.7.1) 

Capacity — 

Parti (2.9.1.3), (5.3.4); Part 2 (2.3.6.2), 
(2.5.2), (2.5.4), (2.5.5.3), (2.5.7),(5.34), 
(5.35), (5.36), (Form C1 ), (S2.8.1 ), (S2.1 1 ), 
(S5.3.), (S6.8), , (S6.15.1), (S6.15.4), 
(S6.16); Part 3 5.9.3 



Cargo Tanks — 

Part 2 (Supplement 6) 
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Capacity Certification — 
Part 1 (5.3.1, (Section 9); Part 2 and Part 3 
(5.9.3), (Section 9) 

Caulking Riveted Seams — 
Part3 (SI .2.12.1 ), (S2.13.13.1) 

Certificate of Authorization — 
Part 1 and Part 2 (Introduction); Part 3 
(Introduction), (1.6.2), (1.6.3), (1.7.6.5), 
(1.8.2), (1.8.3), (1.6.5.1) (1.7.1) (1.7.5) 
(1.7.6.7) (1.7.8) 

Certification — 

Part 1 (1 .4); Part 2 (4.2), (S.2.4), (S2.7.1 ), 
(S2.8.1), (S2.10.1), (S2.12),(S6.5.3), 
(S6.5.4.3), (S6.14.8); Part 3 (Section 5) 

Chimney or Stack — 
Parti (2.6.1), (3.6.1) 

Clearances — 

Parti (2.3.3), (3.3.4), (4.3.2) 

Cleaning — 

Part 1 (2.4.4), (5.2.7); Part 2 ((2.1), (S1.5.4), 
(S2.4.2), (S2.13.2), (S3.4) 

Codes and Standards — 
Part 2 (1.3), (4.5. 7),S2. 10.5), (S6.4.5), (S6.9); 
Part 3 (1 .2), (S2.5), (S3.2),(S4.7), (S6.2) 

Combustion Air — 

Part 1 (2.5.4), (3.5.4); Part 2 (2.2.4) 

Controls — 

Part 1 (2.5.3 d), (2.5.6),(2.8), (3.5.6), (3.8), 
(4.4); Part 2 (2.2.5),(2.2.10.7), (2.2.11), 
(2.2.12), (2.3.5.3), (2.4.8) 

Compressed Air Vessels — 
Part 2 (2.3.6.2) 



Connections — 

Part 1 (2.8.2.1 ), (3.7.6), (3.9.1 .1 .2), (3.9.4.3), 

(3.9.4.4); Part 2 (2.2.10), (2.3.3), (2.3.4), 

(2.3.6), (2.4.4), (2.4.5) 

Continued Service (DOT) — 
Part 2 (Supplement 6) 

Corrosion — 

Part 2 (2.2.8),(2.3.4), (Section 3), (S1.4.2), 
(S5.3.3), (S6.6), (S7.8.5); Part 3 (1.2), 
(3.3.3), (3.3.4.3), (3.4.2), (S2. 13. 12.2), 
(S4.5), (S4.6), (S4.16.4), (S4.18), (S5.6.1), 

Control of Corrosion — 
Part 2 (3.3.3) 

Coatings — 

Part 2 (2.4.4), (2.5.5), (3.3.1), (3.3.3.4), 

Cracks — 

Part 2 (2.2.5), (2.2.9), (2.2.10), (2.2.12), 
(2.3.3), (2.3.4), (2.3.6), (3.3.2), (3.4), 
(3.4.9), (4.4), (S1.4.1), (S1.4.2), (S2.5.2), 
(S2.5.4), (S2.11), (S4.4.7), (S4.4.8), 
(S4.10), (S5.3.2), (S5.5), (S6.6.4), (S7.4), 
(S7.8.1); Part 3 (3.3.4.2), (S1 .2.10), 
(S1 .2.11), (S2.1 3.9.2), (S3.2), (S3.5.3), 
(S2. 13.9.4), (S5.6.2) (Table S4.12), 
S4. 18.2.2, S7.14.2 

Creep — 

Part 2 (3.1), (3.4.2), (3.4.7), (4.4.1), ((4.4.8.) 

Curing — 
Part 3 (S4.11) 

Cuts or Gouges — 

Part 2 (2.3.3), (2.4.4), (S1 .4.2.3), (S1 .4.2.23), 
(S6.13.2),(S7.8.4); Part 3 (S7. 14.2) 



Condition of Installation ■ 
Part 2 (2.2.4), (2.3.2) 

Condensate — 

Parti (2.7.4) 



Damage Mechanisms — 
Part 2 (1.5), (2.3.2), (Section 3), (4.2.1), (4.4), 
(S2.5.2) 
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Deaerators — 

Part 1 (Section 10); Part 2 (2.3.6.1), 
(Section 1 0); Part 3 (Section 1 0) 

Defect Repairs — 
Part 3 (3.3.1), (3.3.4.2) 

Definitions — 

Part 1 (2.2), (3.2), (4.2)(Section 9); Part 2 

(4.5.2), (S6.1 6), (Section 9); Part 3 (1 .4), 

(Section 9) 

Definition Relating to Pressure Relief 
Devices — 
Part 3 (1 .4) 

Dents — 

Part 2 (2.3.6), (2.4.4), (S1.4.2), (S6.5.5), 
(S6.13), (S6.14), (S6.15), (S7.8.2), 

Deposits, Waterside 

Parti (2.8.1); Part 2 (2.2.9); Part 3 (SI .2.13.1) 

Derating — 

Part 2 (4.4.4), (S5.2); Part 3 (3.4.1) 

Design — 

Part 1 , Part 2, and Part 3 (Foreword), 
(Introduction); Part 2 (2.2.10.4), 
(2.2.12.3), (2.2.12.4), (2.3.5), (2.3.6), 
(2.4.2),( 2.4.3), (3.3.3), (3.3.3.3), 
(3.3.3.5), (4.5.4), (S2.10), (S2.11), 
(S5.2.1), (S5.2.3), (S5.3.2), (S6.7), (S6.16); 
Part3 (1.2), (1.5.1), (1.6.5.1), (1.8.5.1), 
(3.2.4), (3.2.5), (3.3.5.2), (3.4), (3.4.4.1), 
(S4.17.2), (S6.7.1), (Supplement8) 

Device Data — 
Part 2 (2.5.1 ),(2. 5.2) 

Device Requirements — 

Parti (4.5.1), (5.3.1) 

Distribution of "TR" Forms — 

Part 3 (5.3), (5.4), (S3.2), (S4.14.4), (S6.18.1) 



Documentation — 

Part 1 (S1 .3), (Section 9); Part 2 (1 .5.4 c)), 
(4.4.2), (4.4.3), (4.5.5), (Section 5), 
(S2.6.2e)), (S2.7.2), (S2.11), (S5.2.3), 
(S6.3US6.12.3), (Section 9); 
Part 3 (5.2), (S2.12), (S4.14.2), (S4.14.3), 
(S4.14.4),(S6.17.3), (S7.10.3), (Section 9) 

DOT (Transport Tanks) — 

Part 2 (Supplement 6); Part 3 (Supplement 6) 

Drains — 

Part 1 (2.4.3), (2.6.3), (3.6.3); Part 2 (2.2.6), 
(2.2.12.2), (2.2.12.3) 

Drawings — 

Part 2 (2.2.12.9), (2.3.5), (4.4.5), (S4.5), 

(S6.5.3), (S6.16) (8.4); Part 3 (1.7.7.5), 

(3.2.3), (S4. 16.2) 



Economizers — 

Parti (2.9.4); Part 2 (2.2.12.1) 

Eddy Current — 

Part 2 (2.3.6.4),(4.2.6), (S7.3.1) 

Electrical — 

Part 2 (2.2.12.4), (2.2.12.6), (S5.3.2.5), 
(S6. 6.3.1) 

Electrical (Installation) — 
Parti (2.5.3), (3.5.3) 

Emergency Valves and Controls — 

Part 1 (2.5.6), (3.5.6); Part 2 (S6.4. 7.4.4.2) 

Engineering Design — 
Part 2 (3.3.3),(3.3.3.5) 

Equipment Certification — 
Part 1 (1 .4.2) 

Equipment Operation — 
Part 2 (1 .4.2) 
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Erosion — 

Part 2 (1.5.1), (2.2.8), (2.2.10.4), (2.2.12.2), 
(2.2.12.4 b)), (2.2.12.5), (2.2.12.7 b)), 
(2.3.3), (2.3.6), (2.4.4), (2.4.5), (3.3.1), 
(4.4.6), (4.4.7), (S1 .4.2.9), (SI .4.2.1 3), 
(S1 .4.2.1 5), (S1 .4.2.1 6), (SI. 4.2.1 7), 
(SI .4.2.1 8), (S1 .4.2.20), (S1.4.2.32), 
(S1 .4.2.32), (S1 .4.2.33), (S3.4.1), (S5.3.1), 
(S6.3.1), (S6.13.2) 

Estimating Remaining Service Life and 
Inspection Intervals — 

Part 2 (4.4.7.1), (4.4.4), (4.4.5) 

Evidence of leakage, 
Boilers — 

Part 2 (2.2.5), (2.2.7), (2.2.10.2), (3.4.8), 
(3.4.9), (S2.5.2.2)(4.3.3); Part 3 (S2.11.3), 
Piping — 

Part 2 (2.4.4),(2.4.6), 
Pressure Vessels — 
Part 2 (2.3.3), (S4.6.2), (S6.13.2), 
(S6.1 3.9), (S6. 14.6.3), (S7.4) 

Examination — 

Part 1 (S1 .6), (5.4); Part 2 , (2.3.5.4), (2.3.6), 
(2.4.5), (Section 4), (S1.4.2), (S2.4), 
(S2.4.4), (S2.5), (S3.4), (S4.5), (S5.5), 
(S6.13.), (S6.16), (S7.3), (Section 9); 
Part 3 (Section 4), (4.4), (S4.13.1), (S5.2), 
(S6.10US6.12), (S6.17) 

Examples of Repairs and Alterations — 
Part 3 (3.3.3), (3.4.3) 

Exfoliation — 

Part 2 (2.4.4), (3.3.1(g)), (S6.6.3.1(e)) 

Exhibits — 

Part 3 (1 .6.5.1 (q)), (1 .7.7.5(p)), (1 .8.5.1 (s)) 

Exit and Egress — 
Parti (2.4.1), (3.4.1) 

Expansion Tanks — 

Parti (3.7.9.1), (3.7.9.2); Part 2 (2.2.12.3), 
(2.3.6.3) 



Expansion and Support — 

Part 1 (2.7.3), (3.3.1.1), (3.7.9), (4.3.1 ),(4. 3.3), 
(5.2.6); Part 2 (2.4.7) 

External Inspections, 
Boilers — 
Part 2 (2.2.5) 
External Weld Metal Buildup — 

Part 3 (3.3.4.3(e)) 
FRP — 

Part 2 (S4.7), (S4.9.1), (S4.9.2) 

Graphite — 

Part 2 

PRD — 

Part 2 (2.5.8) 

Piping — 

Part 2 (2.4.1) 

Pressure Vessels — 

Part 2 (2.3.3), (S6.1 3.6), (S6. 14.3), 

(S6.14.5),(S7.4) 



Failure Mechanisms — 
Part 2 (Section 3), (4.4.4), (4.4.8), (S2.4), 
(S6.6) 

Fatigue — 

Parti (S1.3 a), (S1.4.6); Part 2 (3.3.2), (3.4.1), 
(4.4.6), (4.4.8.6), (S5.2.1), (S6.6.4) 

Federal Railroad Administration (FRA) — 
Part 2 (S1.3),(S1 .4.2.9), (SI .4.2.10), 

(S1 .4.2.1 3), (S1 .4.2.1 7), (S2.1); Part 3 

(SI .1.1) 

Feedwater — 

Part 1 (2.5.1), (3.7.4), (3.8.1); Part 2 (2.2.8), 
(2.2.11), (2.2.12.5 b)), (S2.7.1), (S2.9), 
(S2.14) 

Fiber-Reinforced Thermosetting Plastic 
Pressure Equipment (RTP, FRP) — 

Part 2 (Supplement 4); Part 3 (Supplement 4) 

Field Repairs for Relief Devices — 
Part 3 (S7.7) 
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Part 2 (2.2.10.2), (2.2.12.9), (S1.1), (S1.4.2), 
(S1.5), (S2.4), (S2.11), (S2.13); Part 3 
(S1.2.11.1), (S1.2.11.2),(S2.13.10.4), 
(S2.13.11) 

Fire Damage — 

Part 2 (4.4.8.5),(5.3.8.5), (S6.5.5.1), " 
(S6.15.3.5),(S7.4) 

Fittings — 

Part 1 (2.6.3), (2.7.3), (2.7.5), (2.9.1 .1), (3.8); 

Part 2 (2.3.6.2), (S2.9), (Section 9); 

Part 3 (S1.2.13) 

Flanges — 

Part 1 (5.2.3); Part 2 (2.2.10.3); Part 3 
(3.3.4.3(c)) 



Galvanic Corrosion — 

Part 2 (3.3.1) 

Glossary — 

Part 1 , Part 2, and Part 3 (Section 9) 

Graphite Pressure Equipment — 
Part 2 and Part 3 (Supplement 3) 

Grooving — 

Part2(2.28),(3.3.1), (S1.4.2), (S6.6.3.1); 
Part 3 (S2. 13.9.1), (S2. 13. 10.1), 
(S2. 13. 11.1) 

Gage Glass — 

Part 1 (2.8.1 h)), (3.8.1 .2); Part 2 (2.1 0.5), 

(2.1 0.7KS2.7.1), (S2.8.2), (S2.1 1 .4 f) 5)), 

(S2.13.5) 



Forced Flow Steam Generators — 
Part 1 (2.9.1 .3), (Section 9); Parts 2 & 3 
(Section 9) 

Forms — 

Parti (3.10.3); Part 2(1. 5.4), (S1. 3), 

(S2.7.3.1)(S2.11), (S2.7.3.1),(Section5); 
Part 3 (Section 5) 

Foundations — 

Parti (2.3.1) 

Fractures — 

Part 2 (See Brittle Fractures) 

Fuel — 

Part 1 (2.5.2), (3.5.2), (3.8.1 .5), (3.8.2.4) 

Fusible Plugs — 

Part 2 (S1 .4.2.25), (S2.4.3), (S2.8.4), 

(S6.4.7.5.3), (S6.15.1 m)), (S6.1 5.3.3); 

Part 3 (S2.13.143) 



G_ 



Gages — 

Parti (2.8), (3.8.1.1), (3.8.2.1); Part 2 

(2.2.10.5), (2.3.5.1), (2.4.8.1), (S1 .4.2.27), 
(S2.6.1), (S2.8.5); Part 3 (4.3), (S1.2.13 



H. 



Hangers — 

Parti (3.3.1.1),(5.2.6) 

Heat Treatment — 

Part 3 (2.5), (S2.10), (S6.9), (S7.13), 

High Temperature Water Boiler — 
Parti (3.9.5.3), (2.2 b)), (2.5.1.2 g)), 

(2.6.3.1 g)), (2.8.3), (2.9.1), (2.9.1.3), 

(2.9.1.5.1) 

Historical Boilers — 

Part 2 and Part 3 (Supplement 2) 
Inspection — 
Part 2 (S2.7), (S2.11) 
Storage — 
Part 2 (S2.13) 
Repair — 

Part 3 (Supplement 2) 
Safety Procedures — 
Part 2 (S2.14) 

Hydrogen Attack — 
Part 2 (3.4.5) 
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Hydrogen Damage — 
Part 2 (3.4.6), (4.4.6) 

Hydrogen Embriftlement 

Part 2 (3.4.4), (S6.6.4) 
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Illegible Nameplates — 

Part 2 (5.2.1), (S6.5.2); Part 3 (5.9.5) 

Inquiries — 

Part 1 , Part 2, and Part 3 (Section 8) 

Inservice Inspection — 
Part 2 (1.5), (2.5.4), (S1.4.2), (S2.7), (S3.4), 
(S4.2), (S5.1), (S7.3) 

Inspection and Test Frequencies (Pressure 

Relief Devices) — 
Part 2 (2.5.8) 

Inspection and Test Methods — 

Part 2 (Section 4) (S2.4.4.2), (S2.5); Part 3 

(4.4.1), (4.4.2) 

Inspector Qualifications (FRP) — 
Part 3 (S4.2) 

Inspector Duties (DOT) — 
Part 2 (S6.4.6), Part 3 (S6.7.1) 

Installation Condition — 
Part 2 (2.3.2),(2.5.8) 

Installation Requirements — 
Part 1 (All sections) 

Insulated Vessels, Inspection — 
Part 2 (2.3.6.4(b)), (S4.7.1) 

Instruments and Controls — 
Part 1 (2.8), (2.9.2), (3.5.6), (3.8), (4.4); Part 2 
(2.2.12.12g)) 

Interface with Owners Repair/Replacement 

Program (Nuclear) — 
Part 3 (1.8.6) 



Intergranular Corrosion — 

Part 2 (3.3.2), (3.44) 

Internal Inspections — 
Part 2 (1.5.3), (2.3.4), (2.4.5), (S4.8), (S4.9.2, 
(S6.12.2), S6.13.4), (S6.14.3),(S7.5) 

Interpretations — 

Part 1, Part 2 and Part 3 (Introduction), (8.4), 
(Section 1 0) 

Interrupted Service — 
Part 2 (4.4.7.2 g)) 

Insulation Material/Insulation — 
Part 1 (3.3.2); Part 2 (2.2.7), (2.3.3), (2.4.6), 
(S2.11), (S7.4) 

Inspector — 

Parti (2.10), (4.6), (S1. 2); Part 2 (1.4), (1.5), 
(2.2), (2.3), (2.4), (2.5), (Section 4), 
(S4.5), (S6.4.2); Part 3 (1 .3), (3.3.2), 
(3.3.4.1), (3.3.5), (3.4.1 ),(3.4.4), (4.4.1), 
(4.4.2), (S2.8), (S2.9), (S2.10), (S3.2), 
(S4.2), (S6.7.1) 
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Jurisdiction — 

Part 1 (Foreword), (Introduction), (1.4.3); 
Part 2 (Foreword), (Introduction), (1.2), 
(2.5.8), (5.3.1), (),(4.5. 7),(),(S1. 2), 
(S2.3), (S6.3), (S7.2); Part 3 (Foreword), 
(Introduction), (3.3.2), (3.3.4.3e)), (3.4.1 
e)), (3.4.2 g)), (4.2 a)), (4.4 d)), (4.4.1 
a)2)), (5.9.5 a)), (S2.2 b)), (S4.1 6.4), 

Jurisdictional Authority — 
Pari 1 (Foreword); Part 2 (Foreword), (S7.1); 
Part 3 (Foreword), (S7.10) 

Jurisdictional Participation — 
Part 3 (1.7.2) 

Jurisdictional Precedence — 

Part 1, Part 2, and Part 3 (Introduction) 
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Jurisdictional Requirements — 
Parti (1.4), (2.3.1), (4.3.1); Part 2 (1.5), 
(2.2.4), (2.2.11), (2.5.3),(2.5.8), (4.2), 
(4.4.3), (4.5.7),(S2.4.1), (S4.9.1), (S4.9.2) 



KL 



Knuckles — 

Part 2 (2.2.8 e)), (2.3.3 e)), (4.4.7.2), (4.4.8.7); 
Part 3 (S1.2.11.5), (S2.13.11) 



Ladders and Runways — 
Part 1 (2.4.2), (3.4.2); Part 2 (2.3.4 b) 3)), 
(4.4.8.5) 

Lamination — 

Part 2 (3.4.7), (4.2.3), (4.4.8.3), (S2.5.4), 
(S3.4), (S4.4), (S4.8.1) 



Lighting — 

Part 1 (2.5.5), (3.5.5); Part 2 (2.2.4), (S1 .4.27), 
(S4.6.3), (S6.16) 

Line Corrosion — 
Part 2 (3.3.1(f)) 

Liquid Ammonia Vessels — 
Part 2 (2.3.6.4) 

Liquid Penetrant Examination — 
Part 2 (4.2.3), (4.4.8.5), (S2.5.1),(S2.5.4), 
(S4.6.3), (S6.16); Part 3 (3.3.4.1), 
(3.3.4.2), (3.3.4.2), (3.3.4.3), (S2.13), 
(S4.3) 

Liquefied Petroleum Gas Pressure Vessels — 
Part 2 (Supplement 7) 

Liquid Pressure Testing — 

Part 2 (S2.4.4.2), (S2.6.1), (S2. 7.3.1), (S2.11), 

(S5.6); Part 3 (4.4.1 a)), (4.4.2 a)), 

(S6.17.1 a)) 



Lap Joints/Seams — 

Part 2 (3.3.1 cl)), (3.4.9 d)), (S1 .4.2.1), 

(S2.10.6), (S2.1 0.7), (S2.1 1 ),(S6.6.3.1 ) h)); 

Part 3 (S1.2.12), (S1 .2.12.1), (S2.13.13) 

Leakage — 

Part 2 (2.2.5), (2.2.7), (2.3.3), (2.4.6), (S4.6.2), 
(S6.4.7.4), (S6.13.9), (S7.4), (S7.6) 

Leak Testing — 

Part 2 (4.3.2), (S6.13.9), (S6.1 4.6.2); Part 3 
(4.4.1 c)) 

Level Indicating Devices — 
Parti (4.4.1) 

Lift Assist Testing — 

Part 1 (Section 9); Part 2 (2.5.7), (Section 9); 
Part 3 (4.5.3), (Section 9) 

Limitations (Historical Boilers) — 
Part 2 (S2.10.7) 



Loadings — 

Parti (2.3.1), (3.3.1.1 a)), (4.3.1), (5.2.6); 
Part 2 (S6.16); Part 3 (3.4.2), 

Local PWHT — 
Part 3 (2.5.2) 

Local Thinning — 

Part 2 (4.4.8.7), (S5.3.1); Part 3 (S5.6.1) 

Locomotive Boilers — 

Part 2 (2 .2 . 1 2 .4), (Supplement 1 ); Part 3 

(Supplement 1) 

Inspection — 

Part 2 (S1 .4) 

Storage — 

Part 2 (S1 .5) 

Low- Water Fuel Cutoff — 
Part 1 (2.8.1), (3.8.1.5), (3.8.2.4); Part 2 
(2.2. 10.5),(2.2. 10.7) 
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Macroscopic Corrosion Environments — 

Part 2 (3.3.1) 

Crevice Corrosion — 

Part 2 (3.3.1 (d)) 
Erosion Corrosion — 

Part 2 (3.3.1 (c)) 

Exfoliation — 

Part 2 (3.3.1 (g)) 

Galvanic Corrosion — 

Part 2 (3.3.1 (b)) 

Grooving — 

Part 2 (3.3.1 (i)) 

Line Corrosion — 

Part 2 (3.3.1 (f)) 

Pitting Corrosion — 

Part 2 (3.3.1 (e)) 

Selective Leaching — 

Part 2 (3.3.1 (h)) 

Uniform Corrosion (General) — 

Part 2 (3.3.1 (a)) 

Magnetic Particle Examination — 
Part KS1.6); Part 2 (4.2.2), (4.4.8.5), (S2.5), 
(S2.5.5), (S6.13.6.3), (S7.3.1); Part 3 
(3.3.4.1), (3.3.4.2), (3.3.4.2), (3.3.4.3), 
(S2.13), (S5.6.2) 

Materials — 

Part 2 (2.1), (2.2.12.3),(2.3.6.4); Part 3 

(1.6.5.1 i))(3.2.1), (S1.1.3), (S2.7), (S4.8), 

(S6.4), (S7.4) 

QC Program — 

Part 3 (1 .6.5.), (1 .7.7.7.5 h)), (1 .8.5.1 h)) 

Selection — 

Part 2 (3.3.3.3) 

Metallographic — 

Part 2 (4.2.7), (4.4.8.1), (S5.5), (S7.3.1) 

Methods, 

Inspection and Test — 
Part 2 (Section 4) 
Locomotive Inspection — 

Part 2 (S 1.4.1) 
Repair — 

Part 3 (3.3.4) 
Repair/Alteration, 
Examination/Testing — 
Part 3 (4.4.1), (4.4.2) 



Metric Policy (NBIC Policy for 

Metrication) — 

Part 1, Part 2, and Part 3 (Section 7) 

Microscopic Corrosion Environments — 
Part 2 (3.3.2) 

Corrosion Fatigue — 

Part 2 (3.3.2(c)) 

Intergranular Corrosion — 

Part 2 (3.3.2(a)) 

Stress Corrosion Cracking (SCC) — 

Part 2 (3.3.2(b)) 

Minimum Thickness — 

Part 2 (4.4.7.2), (4.4.8.4),(S2.6.2), (S2.10.3), 
(S6.6.3.1 ), (S6.1 3); Part 3 (3.3.4.3), (3.4.2) 

Modifications (DOT) — 
Part 2 (S6.2), (S6.4), (S6.6.2), (S6.7); Part 3 
(S6.16.3) 

Mudring — 

Part 2 (S1.4), (S1.5), (S2.13.1); Part 3 
(SI .2.1 1 .4) 
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Nameplates — 

Part 2 (2.5.2), (5.2), (S6.5.2); Part 3 (5.9.1), 
(5.11), (5.12), (S6.14.1), (S6.19.2) 

National Board "R", "VR" and "NR" 
Symbol Stamp — 

Part 3(1 .5.1 ),(1 .6.4), (1 .7.6), (1 .8.4), 

Nondestructive Examination — 

Parti (2.10.3), (S1.6); Part 2 (4.2), (S2.4.4.1), 
(S5.5), (S7.3.1); Part 3 (4.2), (4.4.1), 
(4.4.2), (S2.11), (S4.12), (S6.10), (S6.17.1) 

"NR" Accreditation — 
Part 3 (1 .8) 

"NR" Symbol Stamp — 
Part 3 (1.8.4), 

Nuclear Valves (Repair) — 
Part 3 (1.7.4) 
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"NV"-Stamped Pressure Relief Devices — 
Part 3 (1 .7.4), (Supplement 9) 
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Oil Heaters — 

Parti (3.7.1) 

Operating Parameters (Yankee Dryers) — 
Part 2 (S5.2.1) 

Operating Systems — 

Parti (2.7), (3.7); Part 2 (S3. 3) 

Organization of the NBIC — 

Part 1, Part 2, and Part 3 (Introduction) 

Overheating — 

Part 2 (2.12),(3A8), (SI .4.2.8 g), 

(S1.4.2.17f)),(S1.4.2.18f)), (S4.7.2) 

OwnerUser — 

Part 1 (1.1), (1.2 b)); Part 2 (S1.3), (S2.4), 
(S2. 7.3.1), (S6.4.6), (S6.14.3); Part 3 
(1.3 b)), (4.5.2), (S1. 1.1), (S5.5), (S7.9), 
(S7.10), (S7.11) 

OwnerUser Inspection Organization — 
Part 3 (1.6.1 c) 2)), (3.3.5.2 b)), (3.4.4.1) 



Performance Testing — 
Part 3 (4.5) 

Permissible Mounting (SV) — 

Part 1 (3.9.1 .1 ), (3.9.4.2), (4.5.6), (5.3.6) 

Personnel Safety — 

Part 1 (Introduction), (4.5.6 f)), (5.3.6 f)), 
(S1 .5 b)); Part 2 (Introduction), (1 .4), 
(S2.4.), (S6.11), Part 3 (Introduction) 

Piecing Tubes/Pipe — 
Part 3 (3.3.4.5), (S2.13.7) 

Pilot Operated Safety Relief Valves — 

Part 2 (2.5.1); Part 3 (S7.14.3) 

Piping — 

Part 1 (3.7.6), (3.9.1.5), (4.3.3), (Section 
5); Part 2 (1.5), (2.4), (2.5.5.2), 
(S1.4.2),(S2.9), (S6.13.2); Part 3 (S8.3) 

Pitting Corrosion — 

Part 2 (3.3.1), (S1 .4.2), (S6.6.3.1) 

Plug Stitching — 

Part 3 (S3.5.3),(S3.5.3.1), (S3.5.3.2) 

Pneumatic Testing — 

Part 2 (S6. 13.6.1); Part 3 (4.4.1(b)), (4.4.2(b)) 

Portable Tank (DOT) — 
Part 2 (S6.14) 



Parts — 

Parti (2.6.3.3), , (S1.3); Part 2 (2.2.10), 

(2.3.5); Part 3 (1.7.7.5 h)), (3.2.2), (3.3.3), 
(4.5.4), (5.2.2), (5.9.6.5), (S2.7.2), (S3. 5.1 
0), (S4.9), (S5.3.1), (S7.3) 

Patch Bolts — 

Part 3 (S1.2.8) 

Patches — 

Part 3 (3.3.4.6), (SI .2.1 1 .2), (S2.13.12.3) 

Performance Qualification — 

Part 3 (2.2.3), (S4.10.2), (S6.8.3), (S7.12.3) 



Post-Inspection Activities — 
Part 2 (1.5.4), (S2.4.2), (S6.12.3) 

Postweld Heat Treatment — 

Part 3 (2.5.2), (S2.10), (S6.9.2), (S7.13.2) 

Potable Water Heaters — 

Part 1 (3.2.3), (3.7.5.2), (3.7.7.2) 

Preheating — 

Part 3 (2.5.1), (S2. 10), (S6.9.1), (S7.1 3.1) 

Pre-Inspection Activities — 

Part 2 (1.5.2), (2.2.3), (S2.4.1), (S6.12.1) 



1 2 1 



NATIONAL BOARD INSPECTION CODE 



Preparation of Forms — 
Parti (1.4.5); Part 2 (5. .3.1); Part 3 (5.2.1), 
(5.2.2) 

Preservation — 

Part 2 (S1.5.4), (S2.13.2), 

Pressure Control — 
Parti (3.8.1.4) 

Pressure Gages — 

Part 1 (2.8.2), (4.4.2); Part 2 (2.2.10.5), 
(2.3.5.1), (2.4.8.1), (S2.8.5); Part 3 (4.3) 

Pressure Relief Devices — 

Part 1 (2.9), (3.9), (4.5); Part 2 (2.2.10.6), 

(2.5); Part 3 (4.5), (5.9), (Supplement 7) 

Mounting — 

Parti (2.9.5.1), (3.9.1 .1), (4.5.3), (5.3) 

Pressure Relief Valve Nameplates — 
Part 3 (5.9.1 ), (5.9.6), (Supplement 7), 
(Supplement 8) 

PressureReducing Valves — 
Part 1 (Supplement 2) 

Pressure Testing — 
Part 2 (4.3.1) 

Alterations — 

Part 3 (4.4.2) 

FRP Vessels — 

Part 3 (S4.15), (S4.17.6) 

Inservice — 

Part 2 (4.3.1) 

Installation — 

Parti (2.10.2) 

Parts — 

Part 3 (4.5.4) 

Repairs — 

Part 3 (4.4.1) 

Yankee Dryers — 

Part 1 (SI .5); Part 2 (S5.6) 

Pressure Vessels, 

Fiber-Reinforced Thermosetting 

Plastic (FRP) — 

Part 2 and Part 3 (Supplement 4) 

Graphite — 

Part 2 and Part 3 (Supplement 3) 



Inspection — 

Part 2 (2.3) 

Installation — 

Part 1 (Section 4) 

LP Gas (Propane) — 

Part 2 (Supplement 7) 

Relief — 

Part 2 (2.3.5.2) 

Section VIII Div 2 or 3 — 

Part 3 (3.3.5), (3.4.4) 

Yankee Dryers — 

Part 1 (Supplement 1), Part 2 and Part 3 

(Supplement 5) 

Process Variables (Corrosion) Provisions for 
Expansion/Support — 

Part 2 (2.4.7); Part 3 (S1 .2.3 j)), (S1 .2.5 c)), 
(S1.2.10 d) 

Pumps — 

Parti (2.5.1.3) 



Quality Systems — 

Part 3 (1.6.5), (1.7.7), (1.8.5), (S7.10.4) 

Qualifications, 

FRP Performance — 

Part 3 (S4.10.2) 

Inspector — 

Part 2 (S4.5), (S6.4); Part 3 (S4.2) 

NDE — 

Part 3 (4.2) 

PRV Personnel — 

Part 3 (S7.11) 

Welders Performance — 

Part 3 (S7.12.3), (2.2.3), (S6.8.3) 

Quick-Actuating Closures — 
Part 2 (2.3.6.5) 

Quick-Disconnect Couplings — 
Part 2 (2.4.8.3) 
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IV 



"R" Symbol Stamp — 

Part 3 (1 .6) 

Radiography — 

Part 2 (4.2.5); Part 3 ((4.2), S2.11), (S6.10) 

Records Review — 

Part 2 (2.2.11), (2.3.5.4); Part 3 (S2.12), 
(S4.10.3), (5.2) 

Reference to Other Codes and Standards — 
Part 1 (Introduction); Part 2 (Introduction), 
(1.3), (2.2.12.2), (S1.3); Part 3 
(Introduction), (1.2), (2.4), (SI .2.12.1 b)) 

Re-ending — 

Parts 1 and 2(Section 9); Part 3 (3.3.4.5), 
(SI .2.9.1), (S2.13.7) 

Registration of "R" Forms — 
Part 3 (5.5), (S6.18.2) 

Remaining Service Life Assessment — 
Part 2 (4.4.4) 

Removal of Stamping — 
Part 3 (5.8), (S6.14.1) 

Renewal of "VR" Certificate — 
Part 3 (1.7.5) 

Repair — 

Part 3 (3.3), (3.3.3), (3.3.4), (3.3.5), (SI .2.1 ), 
(S1.2.10), (S1.2.11), (S2.4), (S2.13), 
(S2.13.14), (S3.2), (S3. 5), (S4.5), (S4.18), 
(S5.4), (S5.6), (S6.16), (S7.2) 

Replacement Parts — 

Part 3 (3.2.2), (S2.7.2), (S4.9), (S5.3.1), (S6.5), 
(S7.5) 

Replacement Stamping — 
Part 2 (5.2), ((5.2.2); Part 3 (5.8), (5.9.3), 
(5.9.5), (5.9.6), (5.10), (5.11) 

Re-rating — 

Part 1 and Part 2 (Section 9); Part 3 (3.4.1 ), 
(S4.17.5), (Section 9) 



Responsibility — 

Part 1 (1.4.1); Part 2 (S2.3); Part 3 (S2.3) 

Return Pipe Connections — 
Parti (3.7.6) 

Return to Service — 

Part 2 (S1.5.6) 

Risk-Based Inspection — 
Part 2 (4.5) 

Rivets/Riveted Joints — 
Part 2 (2.3.3 e) 7)), (S1.4.2), (S2.10.2); Part 3 
(3.3.4.4(b)), (S2.13.13) 

Rupture Discs — 

Part 2 (2.5.5.3), (S6.1 5.3.3) 

Routine Repairs — 

Part 3 (3.3.2), (S3.3), (S4.16.4) 



Safety — 

Part 2 (1.4),), (2.2.6), (2.3.5.2), (S2.14), 
(S6.11) 

Safety Devices — 

Parti (2.9); Part 2 (2.3.5.2), (2.4.8.2), (2.5), 
(S2.8) 

Safety Valve Capacity — 

Parti (2.9.1.3), (S2.2); Part 2 (2.5) 

Safety /Safety Relief Valves — 
Parti (2.9), (3.9.2), (3.9.3), (3.9.4), 
(3.9.5), (Supplement 2); Part 2 (2.5), 
(S2.8.1)(S2.11 f)); Part3 (Supplement 7) 

Scale and Sludge — 

Part 2 (2.2.9), (2.2.12.5), (2.2.12.7), 

(2.2.12.8), (2.2.12.9), (SI .4.2), (S2.11) 

Scope of Activities (Accreditation) — 
Part 3 (1.5.2), (1.6),(1.7), (1.8.1) 
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Seal Welding — 

Part 3 (3.3.4.4), (SI .2.4), (S2.13.3) 

Seams and Joints — 

Part 3 (SI .2. 12), (S2.13.13), (S2.13.13.5) 

Service Conditions — 

Part 2 (2.2.2), (2.3.2), (2.4.2) 

Settings — 

Parti (2.3.1), (3.3.2) 

Set Pressure — 

Part 1 (2.9.1.4), (4.5.5), (5.3.5); Part 2 (2.5) 

Shipping and Transporting — 

Part 2 (2.5.6) 

Siphons (Thermic) — 

Part 2 (S1 .4.2.1 8),(S1 .5.4); Part 3 (S1 .2.9.4) 

Spring Loaded Pressure Relief Valves — 
Part 3 (S7.14.2) 

Stamping — 

Part 2 (Section 5); Part 3 (5.7), (5.8), (5.9), 
(5.10), (5.11), (5.12), (S5.5), (S6.14), 
(S6.17.2) 

Standard Welding Procedures — 
Part 3 (2.2.2), (2.3), (S6.8.2), (S7.12.2) 

Stays/Staybolts — 

Part 2 (2.2.10.2), (S1.4.2.9),(S1 .4.2.10), 
(S2.1 0.4.1); Part 3 (3.3.4.7), (SI .2.1), 
(S1.2.3),(S2.13.1), (S2.13.2), (S2.13.3), 
(S2.13.4) 

Stayed Surfaces — 

Part 2 (S1 .4.2.8), (S2.10.4); Part 3 (S2.13.10), 
(S1.2.11) 

Steam Heating Boilers — 

Part 1 (Section 3); Part 2 (2.5. 7d)), (2.5.8c)) 

Steam Supply — 

Part 1 (2.7.3) 

Stop Valves — 

Parti (2.5.1.4), (2.7.3), (3.7.5) 



Storage Methods — 
Part 2 (SI .5.1), (S2.13.1) 

Structural Attachments — 
Parti (2.3.1) (3.3.1), (5.2.6); Part 2 (S4.7.3), 
(2.3.3 c)), (2.3.6.3 b)3)) 

Structural Steel — 
Part 1 (2.3.2), (3.3.3) 

Supplements — 

Part 1, Part 2, and Part 3 (Introduction), 
(Section 6) 

Supports — 

Parti (2.3.1), (3.3.1), (4.3.1), (5.2.6); Part 2 
(2.2.10.4), (2.3.6.1 b)5)), (2.3.6.2 b) 3)), 
(2.3.6.3 b)3)), (2.4.7), (SI. 4.2.28) 

Superheaters — 

Parti (2.9.3); Part 2 (2.2.12.1 c)), (S1 .4.2.1 6), 
(S1.5.4d)) 

Surfaces (FRP) — 
Part 2 (S4.7.2) 

Systems Testing — 
Parti (2.10.4) 



Technical Inquiries — 

Part 1 , Part 2, and Part 3 (Section 8) 

Temperature Controls — 
Parti (2.8.3), (3.8.2.3) 

Temperature Effects — 
Part 2 (3.4.3), (2.5.7), (3.4.1), (3.4.2), (3.4.6), 
(3.4.7) 

Test Systems (PRV) — 
Part 3 (Supplement8) 

Testing — 

Part 1 (2.10), (3.10), (4.6); Part 2 (2.5.7), 

(4.3), (S2.6); Part 3 (Section 4), (S6.1 7), 

(Supplement 8) 
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Thermometer — 

Parti (3.8.2.2), (3.8.3.2) 

Thermal Expansion — 

Part 1 (3.7.9); Part 2 (2.2.12.8), (2.4.4), (2.4.7) 

Temperature and Pressure Relief Valves — 
Parti (3.9.1.6) 

Thinning — 
Part 2 (S5.3.1) 

Ton Tanks (DOT) — 
Part 2 (S6.15) 



u. 



Ultrasonic Examination — 

Part 2 (4.2.4), (S2.5.3), (S2.6.2) 

Uniform Corrosion — 
Part 2 (3.3.1), ( (S1. 4.2), (S2. 11), (S5.3.3), 
(S6.6), (S7.8.5) 

Units of Measurement — 

Part 1 , Part 2, and Part 3 (Introduction) 

Unstayed Areas — 

Part 2 (S1.4.1); Part 3 (S2.13.9), (S1.2.10) 



Training — 
Part 3 (S7.11) 

Transport Tanks (DOT) — 

Part 2 and Part 3 (Supplement 6) 

Tubes — 

Part 2 (2.2.12.2), (2.2.12.9), (S2.11), (S2.13); 
Part 3 (3.3.3), (3.3.4.3(d)), (3.3.4.5), 
(S1.2.9), (S2.13), (S3.3) 

Tubes heet — 

Part 2 (S2.11); Part 3 (SI .2.1 1 .6), (S2.13.12) 

Thermal Fluid Heaters — 

Part 2 (2.2.12.3) 

Threaded Connections/Openings — 
Part 1 (3.9.1 .2); Part 2 (S2.9); Part 3 
(SI .2.12.2) 

Threaded Stays, Bolts, Studs — 
Part 3 (S1 .2.2), (S1 .2.7), (S2.1 3.1 ), (S2.1 3.2), 
(S2.13.5) 

Throttle and Throttle Valves — 

Part 2 (S1 .4.2.21), 

Try Cocks — 

Part 2 (S2.8.3), (S2.7.1), 

Transport Tanks (DOT) — 
Part 2 (Supplement 6) 



"VR" Symbol — 

Part 1 and Part 2 (Introduction); Part 3 
(Introduction), (1.7), (Supplement 9) 

Vacuum Test — 
Part 3 (4.4.1(d)) 

Vaporizers — 

Part 2 (2.2.12.3) 

Valves — 

Parti (2.5.1.4), (3.7.5), (3.7.7), (5.2.4); 

Part 2 (2.3.6.4), (2.4.5), (S1.4.2), (S2.9), 

(S2.11),(S6.4.7.4.4) 

Ventilation Air — 

Part 1 (2.5.4), (3.5.4) 

Verification Testing (PRDs) — 
Part 3 (1.7.5.5), (1.7.5.6) 

Vibration — 

Part 2 (2.2.12.4), (2.2.12.7), (2.3.6.2) 

Visual Examination — 

Part 2 (4.2.1), (S2.5.2), (S4.4), (S6.13.1), 
(S6.4.7.3), (S6.15.2); Part 3 (3.3.2), 
(S4.12), (S6.7.1), (S7.14.2), (S7.14.3) 

Volume (Feedwater) — 
Parti (2.5.1.1) 
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w 



Wasted Areas — 

Part 3 (3.3.2), (3.3.4.3), (S2. 13), (S2.13.9.1) 

Water Column — 

Parti (3.8.1.3); Part 2 (2.2.10.3), (2.2.10.4), 
(S1.4.2.26), (S2.11.5) 



Wrapper Sheet ■ 
Part 2 (S2.11) 



x_ 



Water Gage Connection — 
Part 3 (S1 .2.13.1); Part 2 (SI .4.2), (S2. 13), 
(S2.14.3) 

Water Gage Glass — 
Parti (3.8.1.2); Part 2 (2.2.10.5), (S1 .4.2), 
(S2.11) 



Yankee Dryers — 

Part 1 (Supplement 1); Part 2 and Part 3 
(Supplement 5) 



Water Heaters — 

Part 1 (3.2.3), (3.7.5.2), (3.7.7.2), (3.8.3); 
Part 2 (2.5.8) 



Waterside Deposits — 

Part 2 (2.2.9), (S1 .4.2), (S2.13.4), 

Welds, 

Inspection — 

Part 2 (S2.8);Part3 (S2.8) 

Repairs — 

Part 3 

Welding — 

Part 1 (5.2.8); Part 3 (2.2), (SI .1 .2), (S1 .2.5), 
(S2.9), (S6.8), (S7.3US7.12) 

Welding Procedures — 

Part 3 (2.2.1), (S6.8.1), (S7.12.1) 

Welders Continuity — 

Part 3 (2.2.6), (S6.8.6), (S7.12.6) 

Welders Identification — 

Part 3 (2.2.5), (S7.12.5), (S6.8.5) 

Welding Methods — 

Part 3 (2.5.3.1), (2.5.3.2), (2.5.3.3), (2.5.3.4), 

(2.5.3.5) 

Welding Records — 

Part 3 (2.2.4), (S6.8.4), (S7.12.4) 
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